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PROBLEM TO BE SOLVED: To provide a highly reliable 
high breakdown strength semiconductor device at a low 
cost in which a high breakdown strength element and a 
drive circuit or a protection circuit, etc., are formed 
integrally. 

SOLUTION: This semiconductor device is provided with 
an n-type MOS semiconductor element which is 
provided with a source layer 13a, a drain layer 13b, a 
gate insulation film 15, and a gate electrode 15 formed 
on an epitaxial single crystal semiconductor layer 10 on 
the surface of a semiconductor substrate, a p-type 
second MOS semiconductor element which is provided 
with a source layer 18a, a drain layer 18b, a gate 
insulation film 20, and a gate electrode 21 formed on a 
polycrystalline semiconductor layer that is piled up on 
the semiconductor substrate with an insulation film 1 1 
interposed, and a high breakdown strength 
semiconductor element such as an IGBT(insulated gate 
bipolar transistor), etc., formed on the semiconductor 
substrate. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This docunnent has been translated by computer. So the translation nnay not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st source layer and the 1st drain layer which were formed in the semi-conductor 
substrate front face, The 1st MOS mold semiconductor device of n mold which has the 1st gate 
electrode formed in said semi-conductor substrate front face between the 1 st source layer 
concerned and the 1st drain layer through the 1st gate dielectric film, The 2nd source layer and 
the 2nd drain layer which were formed in the polycrystal semi-conductor layer by which the 
laminating was carried out through the insulator layer on said semi-conductor substrate, The 2nd 
MOS mold semiconductor device of p mold which has the 2nd gate electrode formed in said 
polycrystal semi-conductor layer front face between the 2nd source layer concerned and the 
2nd drain layer through the 2nd gate dielectric film. The high proof-pressure semiconductor 
device characterized by providing the high proo-ppressure semiconductor device formed in said 
semi-conductor substrate. 

[Claim 2] The base layer of n mold with which said high proof-pressure semiconductor device 
was formed in said semi-conductor substrate, The 3rd source layer of n mold formed in the front 
face of the base layer of p mold formed in the front face of this n type of base layer, and this p 
type of base layer, and the contact layer of p mold, The 3rd gate electrode formed in the front 
face of said p type of base layer through the 3rd gate dielectric film. The 3rd drain layer formed 
in the location distant from said p type of base layer among the front faces of said n type of 
base layer, The high proof-pressure semiconductor device according to claim 1 characterized by 
having the 1st contact electrode which touches said 3rd source layer and said p type of contact 
layer, and the 2nd contact electrode which touches said 3rd drain layer. 

[Claim 3] Said 1st source layer and the 1st drain layer are a high proof-pressure semiconductor 
device according to claim 2 characterized by being formed in the front face of said p type of 
base layer. 

[Claim 4] The high proof-pressure semiconductor device according to claim 3 characterized by 
forming the semi-conductor layer of high-concentration p mold rather than the p type 
concerned of base layer between said 1st source layer and the 1st drain layer, and said p type of 
base layer. 

[Claim 5] The 1st source layer and the 1st drain layer which were formed in the semi-conductor 
substrate front face at the epitaxial single crystal half conductor layer by which the laminating 
was carried out, The 1st MOS mold semiconductor device of n mold which has the 1st gate 
electrode formed in said semi-conductor substrate front face between the 1st source layer 
concerned and the 1st drain layer through the 1st gate dielectric film. The 2nd source layer and 
the 2nd drain layer which were formed in the polycrystal semi-conductor layer by which the 
laminating was carried out through the insulator layer on said semi-conductor substrate. The 2nd 
MOS mold semiconductor device of p mold which has the 2nd gate electrode formed in said 
polycrystal semi-conductor layer front face between the 2nd source layer concerned and the 
2nd drain layer through the 2nd gate dielectric film. The high proof-pressure semiconductor 
device characterized by providing the high proof-pressure semiconductor device formed in said 
semi-conductor substrate. 

[Claim 6] The base layer of n mold with which said high proof-pressure semiconductor device 
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was formed in said semi-conductor substrate, The 3rd source layer of n mold formed in the front 
face of the base layer of p mold formed in the front face of this n type of base layer, and this p 
type of base layer, and the contact layer of p mold. The 3rd gate electrode formed in the front 
face of said p type of base layer through the 3rd gate dielectric film, The 3rd drain layer formed 
in the location distant from said p type of base layer among the front faces of said n type of 
base layer, The high proof-pressure semiconductor device according to claim 5 characterized by 
having the 1st contact electrode which touches said 3rd source layer and said p type of contact 
layer, and the 2nd contact electrode which touches said 3rd drain layer. 
[Claim 7] Said epitaxial single crystal half conductor layer is a high proof-pressure 
semiconductor device according to claim 6 characterized by being formed in the front face of 
said p type of base layer. 

[Claim 8] The high proof-pressure semiconductor device according to claim 7 characterized by 
forming the semi-conductor layer of high-concentration p mold rather than the p type 
concerned of base layer between said 1st source layer and the 1st drain layer, and said p type of 
base layer, 

[Claim 9] The 1st source layer and the 1st drain layer which the insulator layer was formed on 
the semi-conductor substrate, and were formed in the semi-conductor layer which grew 
epitaxially ranging from said semi-conductor substrate front face to said insulator layer top. The 
1st MOS mold semiconductor device of n mold which has the 1st gate electrode formed in said 
semi-conductor layer front face between the 1st source layer concerned and the 1st drain layer 
through the 1st gate dielectric film, The 2nd source layer and the 2nd drain layer which were 
formed in the part on said insulator layer of said semi-conductor layer, The 2nd MOS mold 
semiconductor device of p mold which has the 2nd gate electrode formed in said semi-conductor 
layer front face between this 2nd source layer and the 2nd drain layer through the 2nd gate 
dielectric film, The high proof-pressure semiconductor device characterized by providing the high 
proof-pressure semiconductor device formed in said semi-conductor substrate. 
[Claim 10] It is the high proof-pressure semiconductor device according to claim 9 characterized 
by forming the 1st source layer of said 1st MOS mold semiconductor device in the part of said 
semi-conductor substrate front face of said epitaxially grown semi-conductor layer, and forming 
the 1st drain layer of the component concerned in the part on said insulator layer of said semi- 
conductor layer, respectively. 

[Claim 11] The base layer of n mold with which said high proof-pressure semiconductor device 
was formed in said semi-conductor substrate, The 3rd source layer of n mold formed in the front 
face of the base layer of p mold formed in the front face of this n type of base layer, and this p 
type of base layer, and the contact layer of p mold. The 3rd gate electrode formed in the front 
face of said p type of base layer through the 3rd gate dielectric film. The 3rd drain layer formed 
in the location distant from said p type of base layer among the front faces of said n type of 
base layer. The high proof-pressure semiconductor device according to claim 9 or 10 
characterized by having the 1st contact electrode which touches said 3rd source layer and said 
p type of contact layer, and the 2nd contact electrode which touches said 3rd drain layer. 
[Claim 12] The part in which said 1st source layer of said epitaxially grown semi-conductor layer 
was formed is a high proof-pressure semiconductor device according to claim 1 1 characterized 
by being formed in the front face of said p type of base layer. 

[Claim 13] The high proof-pressure semiconductor device according to claim 12 characterized 
by forming the semi-conductor layer of high-concentration p mold rather than the p type 
concerned of base layer between said 1st source layer and said p type of base layers. 
[Claim 14] It is the high proof-pressure semiconductor device according to claim 9 to 13 
characterized by for said epitaxially grown semi-conductor layer consisting of a single crystal, 
and the part on said insulator layer of said semi-conductor layer consisting of polycrystal. 
[Claim 15] Said 3rd drain layer is a high proof-pressure semiconductor device claim 2 
characterized by being p type layer 4 and 6 thru/or 8 or 11 thru/or given in 14. 
[Claim 16] It is a high proof-pressure semiconductor device claim 2 characterized by for said 
high proof-pressure semiconductor device being a semiconductor device of a vertical mold, and 
forming said 3rd drain layer in the front face of said n type of the opposite side of base layer to 
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said 3rd source layer 4 and 6 8 and 1 1 thru/or given in 1 5. 

[Claim 17] Claim 2 characterized by forming a slot so that it may pierce through said 3rd source 
layer and said p type of base layer and said n type of base layer may be reached, and embedding 
said 3rd gate electrode through said 3rd gate dielectric film into this slot 4 and 6 8 and 1 1 
thru/or a high proof-pressure semiconductor device given in 16. 

[Claim 18] Claim 2 characterized by forming the semi-conductor layer of high-concentration n 
mold rather than the n type concerned of base layer between said n type of base layer, and said 
3rd drain layer 4 and 6 8 and 11 thru/or a high proof-pressure semiconductor device given in 17. 

[Claim 19] Said n type of 1st MOS rtiold semiconductor device and said p type of 2nd MOS mold 
semiconductor device are a high proof-pressure semiconductor device according to claim 1 to 
1 8 characterized by constituting a CMOS circuit. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the high proof-pressure vertical mold 
semiconductor device which has an MOS mold semiconductor device with respect to a high 
proof-pressure semiconductor device. 
[0002] 

[Description of the Prior Art] High proof-pressure components, such as IGBT (Insulated Gate 
Bipolar Transistor), are used in many industrial fields, such as motor control and a power source. 
In order that this high proof-pressure component may treat large power, many vertical mold 
components which use the front face and rear face of a silicon substrate as a cathode, an anode 
or an emitter, and a collector are used. 

[0003] In order to make easy to use a high proof-pressure component, especially vertical mold 
components, such as such IGBT, a drive circuit and a protection network are made to unify, and 
being hard to break and high-performance-izing a high proof-pressure component is performed. 
Usually, such a circuit is made apart from the chip of high prooi^pressure components, such as 
IGBT, and the gestalt of the module of carrying in the same package is taken. 
[0004] Although it became advantageous by leaps and bounds in respect of cost and 
dependability when these circuits could be carried on the same chip, there was no means to 
attain this easily with the conventional technique. For example, since the carrier plasma exists in 
the interior of IGBT when made on the same chip, a drive circuit, a protection network, for 
example, a CMOS circuit etc., etc., there is a problem that n mold MOS transistor (it is hereafter 
called NMOS for short.) and p mold MOS transistor (it is hereafter called PMOS for short.) will 
carry out a latch rise simply. 

[0005] Moreover, in order to solve the above-mentioned problem, a polish recon layer is formed 
through an insulator layer on IGBT prepared in the semi-conductor substrate, and there is a high 
proof-pressure semiconductor device which prepared the CMOS circuit in this polish recon 
layer. Drawing 6 is the sectional view showing the structure of this high proof-pressure 
semiconductor device. 

[0006] As shown in drawing 6 , this high proof-pressure semiconductor device is a trench gate 
mold vertical mold quantity proof-pressure semiconductor device, n mold base layer 2 of high 
resistance is formed in the semi-conductor substrate, and high-concentration p mold drain layer 
1 is formed in the whole surface of this n mold base layer 2. The drain electrode 9 is in contact 
with p mold drain layer 1. Moreover, p mold base layer 3 is formed in the field of another side of 
n mold base layer 2, and high-concentration n mold source layer 4 and high-concentration p 
mold contact layer 5 are formed in the front face of this p mold base layer 3. 
[0007] Furthermore, two or more trench 3a is formed in the above-mentioned semi-conductor 
substrate front face. Such trench 3a is mutually arranged in parallel in the stripe-like top-face 
configuration (not shown), and it is formed so that n mold source layer 4 and p mold base layer 3 
may be penetrated and n mold base layer 2 may be reached. In two or more trench 3a, the gate 
electrode 7 is embedded through gate dielectric film 6. 

[0008] The above-mentioned n mold source layer 4 is formed in the field of the semi-conductor 
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substrate front face between two or more trench 3a in contact with gate dielectric film 6, and as 
it is surrounded by n mold source layer 4, p mold contact layer 5 is formed so that clearly 
[ drawing 6 ]. Moreover, in contact with n mold source layer 4 and p mold contact layer 5, the 
source electrode 8 is in contact. 

[0009] As mentioned above, the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 
semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. ; 

[0010] That is. on p mold-base layer 3, the polycrystal (Fori) silicon layer 122 is formed through 
an insulator layer 121, NMOS and PMOS are formed in this polish recon layer 122, and NMOS 
and PMOS are further divided into each other by isolation insulator layer 122a. 
[0011] NMOS consists of source electrode 105a and drain electrode 105b which contact source 
layer 101a formed in the polish recon layer 122 and drain layer 101b, the channel field 102 
formed among these, the gate electrode 104 formed through the gate insulating layer 103 on this, 
source layer 101a, and drain layer 101b, respectively. 

[0012] On the other hand, PMOS consists of source electrode 115a and drain electrode 115b 
which contact source layer 111a formed in the polish recon layer 122 and drain layer 111b, the 
channel field 112 formed among these, the gate electrode 114 formed through the gate insulating 
layer 113 on this, source layer 111a, and drain layer 111b, respectively. 

[0013] IGBT and a CMOS circuit can be once carried on the same chip as mentioned above. 
However, the problem that a property is bad and cannot construct a highly precise analog circuit 
produces the CMOS semiconductor device formed in the polish recon layer prepared on the 
semi-conductor substrate. 

[0014] That is, although a property with comparatively good PMOS formed in the polish recon 
layer is acquired, NMOS similarly formed in the polish recon layer has low channel mobility 
compared with NMOS formed in the single-crystal-silicon layer, and saturation characteristics 
are not acquired, either. Drawing 7 is the property Fig. showing the relation of the electrical 
potential difference between source drains of NMOS and PMOS (axis of abscissa) and drain 
current (axis of ordinate) which were formed in the polish recon layer. It turns out that drawing 7 
(a) shows the property in the case of NMOS. a drain current also increases it by the increment 
in the electrical potential difference between source drains, and saturation characteristics are 
not acquired. On the other hand, although drawing 7 (b) shows the property in the case of PMOS 
and a drain current also increases it by the increment in the electrical potential difference 
between source drains, it turns out that saturation characteristics are acquired. 
[0015] 

[Problem(s) to be Solved by the Invention] the high proof-pressure component which was made 
to unify a drive circuit and a protection network in order to make a high proof-pressure 
component easy to use, could not break easily, and was high-performance-ized as stated above 
— dependability — although to provide by low cost highly was tried, there was no means to 
attain this easily with the conventional technique. 

[0016] For example, since the carrier plasma exists in the interior of IGBT when made on the 
same chip, a drive circuit, a protection network, for example, a CMOS circuit etc., etc., there is a 
problem that NMOS and PMOS will carry out a latch rise simply. 

[0017] Moreover, the problem that a property is bad and cannot construct a highly precise 
analog circuit produces the CMOS semiconductor device formed in the polish recon layer 
prepared on the semi-conductor substrate, the high proof-pressure semiconductor device which 
this invention was made in view of the above-mentioned actual condition, and unified the high 
proof-pressure component and the drive circuit, the protection network, etc. — dependability — 
it aims at providing by low cost highly, 
[0018] 

[Means for Solving the Problem] In order to solve the technical problem mentioned above, the 
1st of this invention The 1st source layer and the 1st drain layer which were formed in the semi- 
conductor substrate front face. The 1st MOS mold semiconductor device of n mold which has 
the 1st gate electrode formed in said semi-conductor substrate front face between the 1st 
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source layer concerned and the 1st drain layer through the 1st gate dielectric film, The 2nd 
source layer and the 2nd drain layer which were formed in the polycrystal semi-conductor layer 
by which the laminating was carried out through the insulator layer on said semi-conductor 
substrate. The 2nd MOS mold semiconductor device of p mold which has the 2nd gate electrode 
formed in said polycrystal semi-conductor layer front face between the 2nd source layer 
concerned and the 2nd drain layer through the 2nd gate dielectric film, The high proof-pressure 
semiconductor device characterized by providing the high proof-pressure semiconductor device 
formed in said semi-conductor substrate is offered. 

[0019] Moreover, the 1st source layer and the 1st drain layer by which the 2nd of this invention 
was formed in the semi-conductor substrate front face at the epitaxial single crystal half 
conductor layer by which the laminating was carried out. The 1st MOS mold semiconductor 
device of n mold which has the 1st gate electrode formed in said semi-conductor substrate front 
face between the 1st source layer concerned and the 1st drain layer through the 1st gate 
dielectric film, The 2nd source layer and the 2nd drain layer which were formed in the polycrystal 
semi-conductor layer by which the laminating was carried out through the insulator layer on said 
semi-conductor substrate. The 2nd MOS mold semiconductor device of p mold which has the 
2nd gate electrode formed in said polycrystal semi-conductor layer front face between the 2nd 
source layer concerned and the 2nd drain layer through the 2nd gate dielectric film. The high 
proof-pressure semiconductor device characterized by providing the high proof-pressure 
semiconductor device formed in said semi-conductor substrate is offered. 
[0020] Moreover, the 1st source layer and the 1st drain layer which, as for the 3rd of this 
invention, the insulator layer was formed on the semi-conductor substrate, and were formed in 
the semi-conductor layer which grew epitaxially ranging from said semi-conductor substrate 
front face to said insulator layer top, The 1st MOS mold semiconductor device of n mold which 
has the 1st gate electrode formed in said semi-conductor layer front face between the 1st 
source layer concerned and the 1st drain layer through the 1st gate dielectric film. The 2nd 
source layer and the 2nd drain layer which were formed in the part on said insulator layer of said 
semi-conductor layer, The 2nd MOS mold semiconductor device of p mold which has the 2nd 
gate electrode formed in said semi-conductor layer front face between this 2nd source layer and 
the 2nd drain layer through the 2nd gate dielectric film, The high proof-pressure semiconductor 
device characterized by providing the high proof-pressure semiconductor device formed in said 
semi-conductor substrate is offered. 

[0021] In above-mentioned this invention, it is desirable to provide the following configurations. 
In the 1st of this invention, and 2 and 3 (1) Said high proof-pressure semiconductor device The 
base layer of n mold formed in said semi-conductor substrate, and the base layer of p mold 
formed in the front face of this n type of base layer, The 3rd source layer of n mold formed in 
the front face of this p type of base layer, and the contact layer of p mold. The 3rd gate 
electrode formed in the front face of said p type of base layer through the 3rd gate dielectric 
film, Have the 1st contact electrode which touches the 3rd drain layer formed in the location 
distant from said p type of base layer among the front faces of said n type of base layer, said 
3rd source layer, and said p type of contact layer, and the 2nd contact electrode which touches 
said 3rd drain layer. 

[0022] (2) In the 1st of this invention, and 2 and 3, said 3rd drain layer should be p type layer. 
(3) Said high prool^pressure semiconductor device is a semiconductor device of a vertical mold, 
and said 3rd drain layer should be formed in the front face of said n type of the opposite side of 
base layer to said 3rd source layer in the 1st of this invention, and 2 and 3. 
[0023] (4) A slot should be formed to pierce through said 3rd source layer and said p type of 
base layer, and to reach said n type of base layer, and said 3rd gate electrode should be 
embedded through said 3rd gate dielectric film in the 1st of this invention, and 2 and 3 in this 
slot. 

[0024] (5) In the 1st of this invention, and 2 and 3, the semi-conductor layer of high- 
concentration n mold should be formed rather than the n type concerned of base layer between 
said n type of base layer, and said 3rd drain layer. 

[0025] (6) this invention — the — one — two — three — setting — said — n — a mold — the 
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— one — MOS — a mold — a semiconductor device — said — p — a mold — the — two — 
MOS — a mold — a semiconductor device — a CMOS circuit — constituting — things — ( — 
seven — ) — this invention — the — one — setting — said — the — one — the source — a 
layer — and — the — one — a drain — a layer — said — p — a mold — the base — a layer - 

- a front face — forming — having — **** . 

[0026] (8) In the 2nd of this invention, said epitaxial single crystal half conductor layer should be 
formed in the front face of said p type of base layer. 

(9) In the 1st of this invention, and 2, the semi-conductor layer of high-concentration p moid 
should be formed rather than the p type concerned of base layer between said 1st source layer 
and the 1st drain layer, and said p type of base layer. 

[0027] (10) In the 3rd of this invention, the 1st source layer of said 1st MOS mold 
semiconductor device should be formed in the part of said semi-conductor substrate front face 
of said epitaxially grown semi-conductor layer, and the 1st drain layer of the component 
concerned should be formed in the part on said insulator layer of said semi-conductor layer, 
respectively. 

[0028] (11) In the 3rd of this invention, the part in which said 1st source layer of said epitaxially 
grown semi-conductor layer was formed should be formed in the front face of said p type of 
base layer. 

[0029] (12) In the 3rd of this invention, the semi-conductor layer of high-concentration p mold 
should be formed rather than the p type concerned of base layer between said 1st source layer 
and said p type of base layers. 

[0030] (13) In the 3rd of this invention, said epitaxially grown semi-conductor layer should 
consist of a single crystal, and the part on said insulator layer of said semi-conductor layer 
should consist of polycrystal. In this invention, NMOS is formed in the epitaxial crystal layer 
prepared on the same silicon substrate as high proof-pressure semiconductor devices, such as 
IGBT, or this, for example, and PMOS is prepared on the polish recon layer prepared on the 
oxide film. 

[0031] Although a property with comparatively good PMOS formed in the polish recon layer is 
acquired, when NMOS is formed in a polish recon layer, compared with what was formed in single 
crystal silicon, channel mobility is low, and saturation characteristics are not acquired, either. 
According to this invention, since IGBT etc. has p base diffusion layer, it can form NMOS 
comparatively easily into this p base diffusion layer like especially the 1st of this invention. 
According to this configuration, it is possible to acquire a good NMOS property. 
[0032] Since leakage current may become large with this configuration for the plasma which 
exists in the interior, such as IGBT, the configuration shown below is more desirable. That is, it is 
desirable to prepare a short electrode between p bases and the sources concerned so that p 
base potential of NMOS may become the same as the source potential of high proof-pressure 
semiconductor devices, such as IGBT. 

[0033] Moreover, in the 2nd of this invention, and the 3rd, it is possible to use the approach of 
preparing a silicon oxide pattern on a silicon substrate, applying on this silicon oxide pattern from 
on p base, preparing an amorphous silicon layer for example, annealing this at about 600 degrees 
C, and crystallizing. By this approach, an epitaxial growth silicon layer is formed on the above- 
mentioned p base, NMOS can be produced in this layer, and a polish recon layer is formed on the 
above-mentioned silicon oxide pattern, and PMOS can be produced in this layer. Consequently, 
PMOS formed in this polish recon layer and NMOS formed in the epitaxial growth silicon layer 
become possible [ acquiring a good property also for ** in channel mobility and saturation 
characteristics ]. 

[0034] A part of amorphous silicon layer made to extend on the above-mentioned silicon oxide 
pattern further again can also be considered as the epitaxial growth phase of a single crystal in 
the part near the above-mentioned p base. Therefore, it is possible to form the drain of NMOS, a 
channel (base), or the source in this part. For example, a channel (base) is formed in the single 
crystal epitaxial growth phase on a silicon oxide pattern, and the source of NMOS forms a drain 
in the epitaxial growth phase on p base at the epitaxial growth phase on the oxide-film pattern 
concerned (a single crystal or polish recon). 
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[0035] According to this configuration, a good property can be acquired in channel mobility and 
saturation characteristics, and increase of leakage current can be prevented. Furthermore, since 
a drain exists on a silicon oxide pattern, it is possible to be able to prevent that a parasitism 
thyristor is constituted and to control thyristor actuation of a component by p mold drain layer 
of IGBT prepared in the silicon substrate, the high resistance n type layer, p mold base layer, and 
n mold source layer of NMOS. 

[0036] As mentioned above, if this invention is caused, since NMOS will be prepared in a semi- 
conductor substrate or the epitaxial growth phase on it and PMOS will be prepared in the 
polycrystal layer on an insulator layer, good NMOS and a PMOS property can be acquired and it 
is possible to constitute analogs, such as a drive circuit and a protection network, and digital 
various circuits from high degree of accuracy in one with high proof-pressure semiconductor 
devices, such as IGBT. 
[0037] 

[Embodiment of the Invention] It explains to a detail, using a drawing hereafter about the 
operation gestalt concerning the high proof-pressure semiconductor device of this invention. 
(1 st operation gestalt) Drawing 1 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 1st operation gestalt of this invention. The high proof- 
pressure semiconductor device of this operation gestalt is the trench gate mold vertical mold 
IGBT. 

[0038] as shown in drawing 1 , n mold base layer 2 of high resistance forms in a semi-conductor 
substrate (silicon substrate) — having — **** — p4- of high concentration [ whole surface / of 
this n mold base layer 2 ] The mold drain layer 1 is formed. The drain electrode 9 is in contact 
with p mold drain layer 1. moreover, p mold base layer 3 forms in the field of another side of n 
mold base layer 2 — having — **** — n+ of high concentration [ front face / of this p mold 
base layer 3 ] The mold source layer 4 and high-concentration p+ The mold contact layer 5 is 
formed. 

[0039] Furthermore, two or more trench 3a is formed in the above-mentioned semi-conductor 
substrate front face. It is mutually arranged in parallel in the stripe-like top-face configuration 
(not shown), and such trench 3a is n+ It is formed so that the mold source layer 4 and p mold 
base layer 3 may be penetrated and n mold base layer 2 may be reached. In two or more trench 
3a, the gate electrode 7 is embedded through gate dielectric film 6. 

[0040] In the field of the semi-conductor substrate front face between two or more trench 3a, it 
is above-mentioned n+ so that clearly [ drawing 1 ]. The mold source layer 4 is formed in 
contact with gate dielectric film 6, and it is n+. It is p+ as it is surrounded by the mold source 
layer 4. The mold contact layer 5 is formed. Moreover, n+ mold source layer 4 and p+ In contact 
with the mold contact layer 5, the source electrode 8 is in contact. p+ Two or more arrangement 
may be carried out among trench 3a, and the mold contact layer 5 is n+. The mold source layer 4 
and p+ It is the n+ concerned in order to take certainly contact of the source electrode 8 to the 
mold contact layer 5. The mold source layer 4 and p+ As for the mold contact layer 5, it is 
desirable to be arranged by turns along with the longitudinal direction of trench la. 
[0041] As mentioned above, the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 
semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. 

[0042] Namely, p+ of high concentration [ front face / of p mold base layer 3 / layer 7 3/ 
concerned / p mold base ] The mold diffusion layer 10 is formed and it is this p+. The epitaxial 
single-crystal-silicon layer 12 is formed on the mold diffusion layer 10. On the other hand, it is 
p+ The insulating-layer pattern 11 is formed in a different field from the mold diffusion layer 10, 
and the polycrystal (Pori) silicon layer is prepared on this insulating-layer pattern 11. NMOS is 
formed in the epitaxial single-crystal-silicon layer 12, PMOS is formed in the polish recon layer 
on the insulating-layer pattern 11, respectively, and NMOS and PMOS are divided into each 
other by isolation insulator layer 12a. 

[0043] That is, NMOS is n+ formed in the epitaxial single-crystal-silicon layer 12. Source layer 
13a and drain layer 13b of a mold. The channel field 14 formed among these, the gate electrode 
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16 formed through the gate insulating layer 15 on this, and p+ adjoined and formed in source 
layer 13a Contact layer 13c of a mold, It consists of source layer 13a, drain layer 13b and source 
electrode 17a that contacts contact layer 13c, respectively, drain electrode 17b, and contact 
electrode 1 7c. Source electrode 1 7a and contact electrode 1 7c are electrically connected to 
each other. 

[0044] On the other hand, PMOS is n+ formed in the polish recon layer. It consists of source 
electrode 22a and drain electrode 22b which contact source layer 18a of a mold and drain layer 
18b, the channel field 19 formed among these, the gate electrode 21 formed through the gate 
insulating layer 20 on this, source layer 18a, and drain layer 18b, respectively. 
[0045] As mentioned above, in this operation gestalt, while forming the epitaxial single-crystal- 
silicon layer 12 on the silicon substrate in which IGBT was formed and forming NMOS in this 
crystal layer 12, PMOS is prepared on the polish recon layer formed on the oxide film 1 1. 
Although a property with comparatively good PMOS formed in the polish recon layer is acquired, 
when NMOS is formed in a polish recon layer, compared with what was formed in single crystal 
silicon, channel mobility is low, and saturation characteristics are not acquired, either. However, 
according to this operation gestalt, good NMOS and good PMOS can be obtained in channel 
mobility and saturation characteristics, and increase of leakage current can be prevented. 
[0046] Moreover, since NMOS is formed in the amorphous silicon layer 10 crystallized on p mold 
base layer 3, a threshold becomes proper. That is, although the surface concentration of p mold 
base layer of the usual IGBT may be too high for NMOS, if the amorphous silicon layer which is 
not doped is formed on p mold base layer, even if p mold impurity is spread in the crystallization 
amorphous silicon layer 10 from p mold base layer, the surface concentration of the p mold base 
layer concerned will become lower than that of p mold base layer of IGBT, and the threshold of 
NMOS will be rationalized. 

[0047] It is p+ further again, p mold drain layer 1 of IGBT prepared in the silicon substrate since 
the mold diffusion layer 10 intervened between the silicon substrate and the epitaxial single- 
crystal-silicon layer 12, n mold base layer 2, p mold base layer 3, and n+ of NMOS It is possible 
to be able to prevent that a parasitism thyristor is constituted and to control thyristor actuation 
of a component by source layer 13a of a mold or drain layer 13b. 

[0048] Thus, according to this operation gestalt, since good NMOS and a PMOS property can be 
acquired, it is possible to constitute analogs, such as a drive circuit and a protection network, 
and digital various circuits from high degree of accuracy in one with IGBT. 
[0049] The manufacture approach of the high proof-pressure semiconductor device by this 
operation gestalt described above is as stating below, first, trench la of a vertical mold IGBT — 
forming — preceding — the front face of p mold base layer 3 of a semi-conductor substrate — 
p+ the mold diffusion layer 10 — forming — this p+ the field except the mold diffusion layer 10 
and an IGBT formation schedule field — alternative — an oxide film 1 1 — for example, LOCOS 
— it forms by law. After forming an oxide film 11, this oxide-film 1 1 grade is used as a mask 
here, and it is p+ by an ion implantation etc. The mold diffusion layer 10 may be formed. 
[0050] Next, p+ of p mold base layer 3 front face Apply on an oxide film 1 1 from the mold 
diffusion layer 10, and about 0.5 micrometers of amorphous silicon (a-Si) layers are made to 
deposit, at 600 degrees C, it anneals for about 20 hours and solid phase growth is carried out. It 
is p+ by this annealing. While single-crystal-izing the amorphous silicon layer on the mold 
diffusion layer 10 and becoming the epitaxial single-crystal-silicon layer 12, the amorphous 
silicon layer on an oxide film 1 1 turns into a polish recon layer. 

[0051] Then, by the ion implantation, n mold impurity is introduced into the field to which PMOS 
of said polish recon layer is formed in the field in which NMOS of the epitaxial single-crystal- 
silicon layer 12 is formed in p mold impurity, respectively, and it considers as the p type 
semiconductor layer 1 4 and the n-type-semiconductor layer 1 9, respectively. Furthermore, 
isolation oxide-film 12a which divides these components into an oxidation part is formed by 
oxidizing the field except the field in which PMOS of the field in which NMOS of the epitaxial 
single-crystal-silicon layer 12 is formed, and said polish recon layer is formed. 
[0052] Next, in order to form the gate of IGBT, trench 3a is formed in a silicon substrate. The 
gate oxide (1 5 20) of NMOS and PMOS is formed [ the inside of trench 3a ] in the front face of 
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the epitaxial single-crystal-silicon layer 12 and the above-mentioned polish recon layer for gate 
oxide 6 at coincidence, respectively. Furthermore, the polish recon film is deposited so that a 
trench may be embedded on this, and the gate electrode 7 of IGBT is produced. This polish 
recon film is deposited also on the gate oxide (15 20) of NMOS and PMOS at coincidence, and 
can also form the gate electrode (16 21) of NMOS and PMOS. 

[0053] next, the gate electrode 7 and a gate electrode (16 21) — a mask — carrying out — 
respectively — an ion implantation — n+ of IGBT n+ of the mold source layer 4 and NMOS mold 
source layer 13a and the drain layer 13 — p+ of b and PMOS Mold source layer 18a and drain 
layer 18b are formed. Moreover, p+ of IGBT p+ of the mold contact layer 5 and NMOS Mold 
contact layer 13c is formed by the ion implantation. 

[0054] Then, n+ of IGBT The mold source layer 4 and p+ The drain electrode 9 is formed in the 
source electrode 8 and p mold drain layer 1 at the mold contact layer 5. To source layer 13a of 
NMOS, drain layer 13b, and contact layer 13c, respectively Source electrode 17a, Drain 
electrode 1 7b and contact electrode 1 7c are formed, source electrode 22a and drain electrode 
22b are formed in source layer 18a of PMOS, and drain layer 18b, respectively, and the high 
proof-pressure semiconductor device of this operation gestalt is completed. 
[0055] (2nd operation gestalt) Drawing 2 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 2nd operation gestalt of this invention. The same sign is 
attached and shown in the same part as drawing 1 , and detailed explanation is omitted. The 
point that this operation gestalt differs from the 1st operation gestalt is a point that a part of 
epitaxial single-crystal-silicon layer is formed on an insulating-layer pattern, and the drain layer 
of NMOS and a part of channel field are formed in a part of this single-crystal-silicon layer. 
[0056] As shown in drawing 2 , the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 
semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. 

[0057] That is, on a silicon substrate, the insulating-layer pattern 1 1 is formed alternatively, and 
on this insulating-layer pattern 11, as it runs aground in part, the epitaxial single-crystal-silicon 
layer 12 is formed on p mold base layer 3. Moreover, the polycrystal (Pori) silicon layer is 
prepared on the insulatingHayer pattern 11. NMOS is formed in the epitaxial single-crystal- 
silicon layer 12, PMOS is formed in the polish recon layer on the insulating-layer pattern 11, 
respectively, and NMOS and PMOS are divided into each other by isolation insulator layer 1 2b. 
[0058] That is, NMOS is n+ formed in the epitaxial single-crystal-silicon layer 1 2. Source layer 
31a and drain layer 31b of a mold. The channel field 32 formed among these, the gate electrode 
34 formed through the gate insulating layer 33 on this, and p+ adjoined and formed in source 
layer 31a Contact layer 31c of a mold, It consists of drain electrode 35b in contact with source 
electrode 35a in contact with source layer 31a and contact layer 31c, and drain layer 31b. A part 
of drain layer 31b of NMOS and channel field 32 are formed in a part of epitaxial single-crystal- 
silicon layer 12 on the insulating^layer pattern 11, and source layer 31a is formed in a part of 
epitaxial single-crystal-silicon layer 12 of p mold base layer 3 front face where the insulating- 
layer pattern 1 1 does not exist. 

[0059] On the other hand, PMOS is n+ formed in the polish recon layer. It consists of source 
electrode 45a and drain electrode 45b which contact source layer 41a of a mold and drain layer 
41b, the channel field 42 formed among these, the gate electrode 44 formed through the gate 
insulating layer 43 on this, source layer 41a, and drain layer 41b, respectively. 
[0060] According to this operation gestalt, in channel mobility and saturation characteristics, 
good NMOS and good PMOS can be obtained like the 1st operation gestalt, and increase of 
leakage current can be prevented. Moreover, it is also possible to rationalize the threshold of 
NMOS. 

[0061] Also in this operation gestalt, like the 1st operation gestalt, it applies on the insulating- 
layer pattern 11 from p mold base layer 3 of a silicon substrate, and an amorphous silicon layer 
is formed, and this amorphous silicon layer is single-crystal-ized, using a silicon substrate as 
seed crystal. By this single crystal-ization, a part of part near seed crystal also single-crystal- 
izes the amorphous silicon layer on the insulating-layer pattern 1 1, By forming a part of channel 
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field 32 of NMOS, and drain layer 31b in the part of this single-crystal-ized amorphous silicon 
layer, it is possible to prevent increase of the leakage current of NMOS certainly. Since 
especially the channel field 52 is close to the silicon substrate used as seed crystal, it is possible 
to acquire the crystallinity which may be set to the channel field 52, and the effectiveness of 
leakage current prevention is large. Furthermore, it is also possible to form in the polish recon 
field to which that point did not single-crystaHze drain layer 31b for the channel field 32 of 
NMOS to the single crystal-ized field of an amorphous silicon layer, and increase of the leakage 
current of NMOS can be prevented also in this case. 

[0062] p mold drain layer 1 of IGBT prepared in the silicon substrate further again since the 
insulating-layer pattern 11 intervened between the silicon substrate and the epitaxial single- 
crystal-silicon layer 12, n mold base layer 2, p mold base layer 3, and n+ of NMOS It is possible 
to be able to prevent that a parasitism thyristor is constituted and to control thyristor actuation 
of a component by drain layer 31b of a mold. 

[0063] in addition, the 1st operation gestalt — the same — p+ of high concentration [ front 
face / of p mold base layer 3 / layer / 3 / concerned / p mold base ] a mold diffusion layer 
forms — having — this p+ The channel field 32, source layer 31a, and contact layer 31c may be 
made to be formed in the front face of a mold diffusion layer, p mold drain layer 1 of IGBT which 
this prepared in the silicon substrate like the 1st operation gestalt, n mold base layer 2, p mold 
base layer 3, and n+ of NMOS It is possible to be able to prevent that a parasitism thyristor is 
constituted and to control thyristor actuation of a component by source layer 31a of a mold. 
[0064] Thus, according to this operation gestalt, since good NMOS and a PMOS property can be 
acquired, it is possible to constitute analogs, such as a drive circuit and a protection network, 
and digital various circuits from high degree of accuracy in one with IGBT. 

[0065] (3rd operation gestalt) Drawing 3 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 3rd operation gestalt of this invention. The same sign is 
attached and shown in the same part as drawing 2 , and detailed explanation is omitted. The 
point that this operation gestalt differs from the 2nd operation gestalt is a point that the drain 
layer of NMOS, all of channel fields, and a part of source layer are formed in a part of epitaxial 
single-crystal-silicon layer formed on the insulating-layer pattern. 

[0066] As shown in drawing 3 , the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 
semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. 

[0067] That is, on a silicon substrate, the insulating-layer pattern 1 1 is formed alternatively, and 
on this insulating-layer pattern 1 1, as it runs aground in part, the epitaxial single-crystal-silicon 
layer 12 is formed on p mold base layer 3. Moreover, on the insulating-layer pattern 11, 12f of 
polycrystal (Pori) silicon layers is prepared. NMOS is formed in the epitaxial single-crystal-silicon 
layer 12, PMOS (not shown) is formed in 12f of polish recon layers on the insulating-layer 
pattern 11, respectively, and NMOS and PMOS are divided into each other by isolation insulator 
layer 1 2c. 

[0068] That is, NMOS is n+ formed in the epitaxial single-crystal-silicon layer 12. Source layer 
51a and drain layer 51b of a mold. The channel field 52 formed among these, the gate electrode 
54 formed through the gate insulating layer 53 on this, and p+ adjoined and formed in source 
layer 51a Contact layer 51c of a mold, It consists of drain electrode 55b in contact with source 
electrode 55a in contact with source layer 51a and contact layer 51c, and drain layer 51b. A part 
for drain layer 51b of NMOS and all of the channel fields 52 and a part of source layer 51a are 
formed in a part of epitaxial single-crystal-silicon layer 12 on the insulating-layer pattern 11, and 
a part of source layer 51a is formed in a part of epitaxial single-crystal-silicon layer 12 of p mold 
base layer 3 front face where the insulating-layer pattern 1 1 does not exist. 
[0069] According to this operation gestalt, in channel mobility and saturation characteristics, 
good NMOS and good PMOS can be obtained like the 1st operation gestalt, and increase of 
leakage current can be prevented. Moreover, it is also possible to rationalize the threshold of 
NMOS. 

[0070] Also in this operation gestalt the amorphous silicon layer formed on the insulating^layer 
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pattern 11 from p mold base layer 3 of a silicon substrate, having applied is single-crystal-ized 
like the 2nd operation gestalt, using a silicon substrate as seed crystal. When a part of part also 
with the amorphous silicon layer near seed crystal on the insulatingHayer pattern 1 1 single- 
crystal-izes and forms a part for drain layer 51b of NMOS, and all of the channel fields 52, and a 
part of source layer 51a in the part of this single-crystaHzed amorphous silicon layer by this 
single crystal-ization, it is possible to prevent increase of the leakage current of NMOS certainly. 
Since especially the channel field 52 is close to the silicon substrate used as seed crystal, it is 
possible to acquire the crystallinity which may be set to the channel field 52, and the 
effectiveness of leakage current prevention is large. Furthermore, it is also possible to form in 
the polish recon field to which that point did not single-crystal-ize drain layer 51b for the 
channel field 52 of NMOS to the single crystal-ized field of an amorphous silicon layer, and 
increase of the leakage current of NMOS can be prevented also in this case. Moreover, since the 
channel field 52 of NMOS is completely insulated from the silicon substrate with this structure, 
as for this channel field 52, it is hard to be influenced of the potential of a silicon substrate, and 
a setup of a threshold and control become easy. 

[0071] p mold drain layer 1 of IGBT prepared in the silicon substrate with the insulating-layer 
pattern 1 1 further again, n mold base layer 2, p mold base layer 3, and n+ of NMOS It is possible 
to be able to prevent that a parasitism thyristor is constituted and to control thyristor actuation 
of a component by drain layer 51b of a mold. 

[0072] in addition, the 1st operation gestalt — the same — p+ of high concentration [ front 
face / of p mold base layer 3 / layer 7 3/ concerned / p mold base ] a mold diffusion layer 
forms — having — this p+ Source layer 51a and contact layer 51c may be made to be formed in 
the front face of a mold diffusion layer, p mold drain layer 1 of IGBT which this prepared in the 
silicon substrate like the 1st operation gestalt, n mold base layer 2, p mold base layer 3, and n+ 
of NMOS It is possible to be able to prevent that a parasitism thyristor is constituted and to 
control thyristor actuation of a component by source layer 51a of a mold. 

[0073] Thus, according to this operation gestalt, since good NMOS and a PMOS property can be 
acquired, it is possible to constitute analogs, such as a drive circuit and a protection network, 
and digital various circuits from high degree of accuracy in one with IGBT. 
[0074] (4th operation gestalt) Drawing 4 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 4th operation gestalt of this invention. The same sign is 
attached and shown in the same part as drawing 1 , and detailed explanation is omitted. The 
point that this operation gestalt differs from the 1st operation gestalt is a point that NMOS is 
formed in p mold base layer of IGBT of a silicon substrate, and high-concentration p type layer 
is formed between this NMOS and p mold base layer. 

[0075] As shown in drawing 4 , the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 
semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. 

[0076] That is, on a silicon substrate, the insulating— layer pattern 1 1 is formed alternatively, and 
12g of polycrystal (Pori) silicon layers is prepared on this insulating-layer pattern 11. PMOS is 
formed in 12g of this polish recon layer. Moreover, rather than p mold base layer 3, low- 
concentration p type semiconductor layer 3b is formed alternatively, and NMOS is formed in the 
field in which NMOS in p mold base layer 3 is formed at this p type semiconductor layer 3b. 
NMOS and PMOS are divided into each other by 12d of isolation insulator layers. 
[0077] That is, NMOS is n+ formed in p type semiconductor layer 3b. Source layer 61a and drain 
layer 61b of a mold, The channel field 62 formed among these, the gate electrode 64 formed 
through the gate insulating layer 63 on this, and p+ adjoined and formed in source layer 61a 
Contact layer 61c of a mold. It consists of drain electrode 65b in contact with source electrode 
65a in contact with source layer 61a and contact layer 61c, and drain layer 61b, p+ of high 
concentration [ b / under Above NMOS / p type semiconductor layer 3/ layer / 3 / p type 
semiconductor layer 3b / concerned / or / p mold base ] Mold diffusion layer 3c is formed. 
[0078] On the other hand, PMOS is n+ formed in 12g of polish recon layers. It consists of source 
electrode 75a and drain electrode 75b which contact source layer 71a of a mold and drain layer 
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71b, the channel field 72 formed among these, the gate electrode 74 formed through the gate 

insulating layer 73 on this, source layer 71a, and drain layer 71b, respectively. 

[0079] According to this operation gestalt, since NMOS is formed in p type semiconductor layer 

3b of a silicon substrate, NMOS will be formed in the crystalline good single crystal part, good 

NMOS and good PMOS can be obtained in channel mobility and saturation characteristics like 

the 1st operation gestalt, and increase of leakage current can be prevented. 

[0080] Moreover, since NMOS is formed in the low-concentration p type semiconductor layer 3 

rather than p mold base layer 3 of IGBT, it is also possible to rationalize the threshold of the 

NMOS concerned. Formation of this p type semiconductor layer 3 is performed in advance of 

formation of p mold base layer of IGBT. 

[0081] p+ of high concentration [ layer / 3 / p type semiconductor layer 3b or / p mold base ] 
further again p mold drain layer 1 of IGBT prepared in the silicon substrate by mold diffusion 
layer 3c, n mold base layer 2, p mold base layer 3, and n+ of NMOS It is possible to be able to 
prevent that a parasitism thyristor is constituted and to control thyristor actuation of a 
component by source layer 61a of a mold or drain layer 61b. 

[0082] Thus, according to this operation gestalt, since good NMOS and a PMOS property can be 
acquired, it is possible to constitute analogs, such as a drive circuit and a protection network, 
and digital various circuits from high degree of accuracy in one with IGBT. 
[0083] (5th operation gestalt) Drawing 5 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 5th operation gestalt of this invention. The same sign is 
attached and shown in the same part as drawing 4 , and detailed explanation is omitted. The 
point that this operation gestalt differs from the 4th operation gestalt is a point that diode is 
formed in the polycrystal (Pori) silicon layer formed on the insulating-layer pattern. 
[0084] As shown in drawing 5 , the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the diode described 
below is formed on the same chip as this high proof-pressure semiconductor device. 
[0085] That is, on a silicon substrate, the insulating-layer pattern 1 1 is formed alternatively, and 
the polycrystal (Pori) silicon layer is prepared on this insulating-layer pattern 11. Diode is formed 
in this polish recon layer. Moreover, rather than p mold base layer 3, low-concentration p type 
semiconductor layer 3b is formed alternatively, and NMOS is formed in the field in which NMOS 
in p mold base layer 3 is formed at this p type semiconductor layer 3b. NMOS and diode are 
divided into each other by isolation insulator layer 12e. 

[0086] That is, NMOS is n+ formed in p type semiconductor layer 3b. Source layer 81a and drain 
layer 81b of a mold, The channel field 82 formed among these, the gate electrode 84 formed 
through the gate insulating layer 83 on this, and p+ adjoined and formed in source layer 81a 
Contact layer 81c of a mold. It consists of drain electrode 85b in contact with source electrode 
85a in contact with source layer 81a and contact layer 81c, and drain layer 81b. p+ of high 
concentration [ b / under Above NMOS / p type semiconductor layer 3/ layer / 3 / p type 
semiconductor layer 3b / concerned / or / p mold base ] Mold diffusion layer 3c is formed. 
[0087] On the other hand, diode is p+ formed in the polish recon layer. Anode layer 91a of a 
mold, and n+ It consists of anode electrode 92a and cathode electrode 92b which contact 
cathode layer 91b of a mold, anode layer 91a, and cathode layer 91b, respectively. 
[0088] According to this operation gestalt, in channel mobility and saturation characteristics, 
good NMOS can be obtained like the 4th operation gestalt, and increase of leakage current can 
be prevented. 

[0089] Moreover, it is also possible to rationalize the threshold of NMOS by the p type 
semiconductor layer 3 like the 4th operation gestalt. Furthermore, p+ p mold drain layer 1 of 
IGBT prepared in the silicon substrate by mold diffusion layer 3c, n mold base layer 2, p mold 
base layer 3, and n+ of NMOS It is possible to be able to prevent that a parasitism thyristor is 
constituted and to control thyristor actuation of a component by source layer 81a of a mold or 
drain layer 81b. 

[0090] Thus, according to this operation gestalt, since a good NMOS property can be acquired, it 
is possible to constitute analogs, such as a drive circuit and a protection network, and digital 
various circuits from high degree of accuracy in one with IGBT. 
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[0091] In addition, this invention is not limited to the above-mentioned operation gestalt. For 
example, p+ Between the mold drain layer 1 and n mold base layer 2, high-concentration n mold 
buffer layer can be formed rather than the n mold base layer 2 concerned, and it is possible to 
raise conductivity. 

[0092] Moreover, although the above-mentioned operation gestalt explained the high proof- 
pressure semiconductor device of a vertical mold, this invention is applicable also to the high 
proof-pressure semiconductor device of a horizontal type. In this case, a drain layer is formed in 
the semi-conductor substrate front face of the same side as a source layer. 
[0093] At the above-mentioned operation gestalt, it is p+ further again. It is a drain layer, 
although IGBT which has the drain layer of a mold was mentioned as the example and explained 
n+ It is also possible to consider as a mold and to apply to various quantity proof-pressure 
semiconductor devices, such as an MOS mold quantity proof-pressure semiconductor device 
and other thyristors. In addition, it is possible to deform variously and to carry out in the range 
which does not deviate from the meaning of this invention. 
[0094] 

[Effect of the Invention] the high proof-pressure semiconductor device which unified the high 
proof-pressure component and the drive circuit, the protection network, etc. according to this 
invention — dependability — it can provide by low cost highly. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] the high proof-pressure component which was made 
to unify a drive circuit and a protection network in order to make a high proof-pressure 
component easy to use, could not break easily, and was high-performance-ized as stated above 
— dependability — although to provide by low cost highly was tried, there was no means to 
attain this easily with the conventional technique. 

[0016] For example, since the carrier plasma exists in the interior of IGBT when made on the 
same chip, a drive circuit, a protection network, for example, a CMOS circuit etc., etc., there is a 
problem that NMOS and PMOS will carry out a latch rise simply. 

[0017] Moreover, the problem that a property is bad and cannot construct a highly precise 
analog circuit produces the CMOS semiconductor device formed in the polish recon layer 
prepared on the semi-conductor substrate, the high proof-pressure semiconductor device which 
this invention was made in view of the above-mentioned actual condition, and unified the high 
proof-pressure component and the drive circuit, the protection network, etc. — dependability — 
it aims at providing by low cost highly. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] In order to solve the technical problem mentioned above, the 
1st of this invention The 1st source layer and the 1st drain layer which were formed in the semi- 
conductor substrate front face, The 1st MOS mold semiconductor device of n mold which has 
the 1st gate electrode formed in said semHconductor substrate front face between the 1st 
source layer concerned and the 1st drain layer through the 1st gate dielectric film, The 2nd 
source layer and the 2nd drain layer which were formed in the polycrystal semi-conductor layer 
by which the laminating was carried out through the insulator layer on said semi-conductor 
substrate. The 2nd MOS mold semiconductor device of p mold which has the 2nd gate electrode 
formed in said polycrystal semi-conductor layer front face between the 2nd source layer 
concerned and the 2nd drain layer through the 2nd gate dielectric film, The high proof^pressure 
semiconductor device characterized by providing the high proof-pressure semiconductor device 
formed in said semi-conductor substrate is offered. 

[0019] Moreover, the 1st source layer and the 1st drain layer by which the 2nd of this invention 
was formed in the semi-conductor substrate front face at the epitaxial single crystal half 
conductor layer by which the laminating was carried out. The 1st MOS mold semiconductor 
device of n mold which has the 1st gate electrode formed in said semi-conductor substrate front 
face between the 1st source layer concerned and the 1st drain layer through the 1st gate 
dielectric film. The 2nd source layer and the 2nd drain layer which were formed in the polycrystal 
semi-conductor layer by which the laminating was carried out through the insulator layer on said 
semi-conductor substrate, The 2nd MOS mold semiconductor device of p mold which has the 
2nd gate electrode formed in said polycrystal semi-conductor layer front face between the 2nd 
source layer concerned and the 2nd drain layer through the 2nd gate dielectric film, The high 
proof-pressure semiconductor device characterized by providing the high proof-pressure 
semiconductor device formed in said semi-conductor substrate is offered. 
[0020] Moreover, the 1st source layer and the 1st drain layer which, as for the 3rd of this 
invention, the insulator layer was formed on the semi-conductor substrate, and were formed in 
the semi-conductor layer which grew epitaxially ranging from said semi-conductor substrate 
front face to said insulator layer top, The 1st MOS mold semiconductor device of n mold which 
has the 1 st gate electrode formed in said semi-conductor layer front face between the 1 st 
source layer concerned and the 1st drain layer through the 1st gate dielectric film, The 2nd 
source layer and the 2nd drain layer which were formed in the part on said insulator layer of said 
semi-conductor layer. The 2nd MOS mold semiconductor device of p mold which has the 2nd 
gate electrode formed in said semi-conductor layer front face between this 2nd source layer and 
the 2nd drain layer through the 2nd gate dielectric film. The high proof-pressure semiconductor 
device characterized by providing the high prool^pressure semiconductor device formed in said 
semi-conductor substrate is offered. 

[0021] In above-mentioned this invention, it is desirable to provide the following configurations. 
In the 1st of this invention, and 2 and 3 (1) Said high proof-pressure semiconductor device The 
base layer of n mold formed in said semi-conductor substrate, and the base layer of p mold 
formed in the front face of this n type of base layer, The 3rd source layer of n mold formed in 
the front face of this p type of base layer, and the contact layer of p mold. The 3rd gate 
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electrode formed in the front face of said p type of base layer through the 3rd gate dielectric 
film, Have the 1st contact electrode which touches the 3rd drain layer formed in the location 
distant from said p type of base layer among the front faces of said n type of base layer, said 
3rd source layer, and said p type of contact layer, and the 2nd contact electrode which touches 
said 3rd drain layer. 

[0022] (2) In the 1st of this invention, and 2 and 3, said 3rd drain layer should be p type layer. 
(3) Said high proof-pressure semiconductor device is a semiconductor device of a vertical mold, 
and said 3rd drain layer should be formed in the front face of said n type of the opposite side of 
base layer to said 3rd source layer in the 1st of this invention, and 2 and 3. 
[0023] (4) A slot should be formed to pierce through said 3rd source layer and said p type of 
base layer, and to reach said n type of base layer, and said 3rd gate electrode should be 
embedded through said 3rd gate dielectric film in the 1st of this invention, and 2 and 3 in this 
slot. 

[0024] (5) In the 1st of this invention, and 2 and 3, the semi-conductor layer of high- 
concentration n mold should be formed rather than the n type concerned of base layer between 
said n type of base layer, and said 3rd drain layer. 

[0025] (6) this invention — the — one — two — three — setting — said — n — a mold — the 

— one — MOS — a mold — a semiconductor device — said — p — a mold — the — two — 
MOS — a mold — a semiconductor device — a CMOS circuit — constituting — things — ( — 
seven — ) — this invention — the — one — setting — said — the — one — the source — a 
layer — and — the — one — a drain — a layer — said — p — a mold — the base — a layer - 

- a front face — forming — having — **** _ 

[0026] (8) In the 2nd of this invention, said epitaxial single crystal half conductor layer should be 
formed in the front face of said p type of base layer. 

(9) In the 1st of this invention, and 2, the semi-conductor layer of high-concentration p mold 
should be formed rather than the p type concerned of base layer between said 1st source layer 
and the 1st drain layer, and said p type of base layer. 

[0027] (10) In the 3rd of this invention, the 1st source layer of said 1st MOS mold 
semiconductor device should be formed in the part of said semi-conductor substrate front face 
of said epitaxially grown semi-conductor layer, and the 1st drain layer of the component 
concerned should be formed in the part on said insulator layer of said semi-conductor layer, 
respectively. 

[0028] (11) In the 3rd of this invention, the part in which said 1st source layer of said epitaxially 
grown semi-conductor layer was formed should be formed in the front face of said p type of 
base layer. 

[0029] (12) In the 3rd of this invention, the semi-conductor layer of high-concentration p mold 
should be formed rather than the p type concerned of base layer between said 1st source layer 
and said p type of base layers. 

[0030] (13) In the 3rd of this invention, said epitaxially grown semi-conductor layer should 
consist of a single crystal, and the part on said insulator layer of said semi-conductor layer 
should consist of polycrystal. In this invention, NMOS is formed in the epitaxial crystal layer 
prepared on the same silicon substrate as high proof-pressure semiconductor devices, such as 
IGBT, or this, for example, and PMOS is prepared on the polish recon layer prepared on the 
oxide film. 

[0031] Although a property with comparatively good PMOS formed in the polish recon layer is 
acquired, when NMOS is formed in a polish recon layer, compared with what was formed in single 
crystal silicon, channel mobility is low, and saturation characteristics are not acquired, either. 
According to this invention, since IGBT etc. has p base diffusion layer, it can form NMOS 
comparatively easily into this p base diffusion layer like especially the 1st of this invention. 
According to this configuration, it is possible to acquire a good NMOS property. 
[0032] Since leakage current may become large with this configuration for the plasma which 
exists in the interior, such as IGBT, the configuration shown below is more desirable. That is, it is 
desirable to prepare a short electrode between p bases and the sources concerned so that p 
base potential of NMOS may become the same as the source potential of high proof-pressure 
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semiconductor devices, such as IGBT. 

[0033] Moreover, in the 2nd of this invention, and the 3rd, it is possible to use the approach of 
preparing a silicon oxide pattern on a silicon substrate, applying on this silicon oxide pattern from 
on p base, preparing an amorphous silicon layer for example, annealing this at about 600 degrees 
C, and crystallizing. By this approach, an epitaxial growth silicon layer is formed on the above- 
mentioned p base, NMOS can be produced in this layer, and a polish recon layer is formed on the 
above-mentioned silicon oxide pattern, and PMOS can be produced in this layer. Consequently, 
PMOS formed in this polish recon layer and NMOS formed in the epitaxial growth silicon layer 
become possible [ acquiring a good property also for in channel mobility and saturation 
characteristics ]. 

[0034] A part of amorphous silicon layer made to extend on the above-mentioned silicon oxide 
pattern further again can also be considered as the epitaxial growth phase of a single crystal in 
the part near the above-mentioned p base. Therefore, it is possible to form the drain of NMOS, a 
channel (base), or the source in this part. For example, a channel (base) is formed in the single 
crystal epitaxial growth phase on a silicon oxide pattern, and the source of NMOS forms a drain 
in the epitaxial growth phase on p base at the epitaxial growth phase on the oxide-film pattern 
concerned (a single crystal or polish recon). 

[0035] According to this configuration, a good property can be acquired in channel mobility and 
saturation characteristics, and increase of leakage current can be prevented. Furthermore, since 
a drain exists on a silicon oxide pattern, it is possible to be able to prevent that a parasitism 
thyristor is constituted and to control thyristor actuation of a component by p mold drain layer 
of IGBT prepared in the silicon substrate, the high resistance n type layer, p mold base layer, and 
n mold source layer of NMOS. 

[0036] As mentioned above, if this invention is caused, since NMOS will be prepared in a semi- 
conductor substrate or the epitaxial growth phase on it and PMOS will be prepared in the 
polycrystal layer on an insulator layer, good NMOS and a PMOS property can be acquired and it 
is possible to constitute analogs, such as a drive circuit and a protection network, and digital 
various circuits from high degree of accuracy in one with high proof-pressure semiconductor 
devices, such as IGBT. 
[0037] 

[Embodiment of the Invention] It explains to a detail, using a drawing hereafter about the 
operation gestalt concerning the high proof-pressure semiconductor device of this invention. 
(1st operation gestalt) Drawing 1 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 1st operation gestalt of this invention. The high proof- 
pressure semiconductor device of this operation gestalt is the trench gate mold vertical mold 
IGBT. 

[0038] as shown in drawing 1 , n mold base layer 2 of high resistance forms in a semi-conductor 
substrate (silicon substrate) — having — **** — p+ of high concentration [ whole surface / of 
this n mold base layer 2 ] The mold drain layer 1 is formed. The drain electrode 9 is in contact 
with p mold drain layer 1 . moreover, p mold base layer 3 forms in the field of another side of n 
mold base layer 2 — having — **** — n+ of high concentration [ front face / of this p mold 
base layer 3 ] The mold source layer 4 and high-concentration p+ The mold contact layer 5 is 
formed. 

[0039] Furthermore, two or more trench 3a is formed in the above-mentioned semi-conductor 
substrate front face. It is mutually arranged in parallel in the stripe-like top-face configuration 
(not shown), and such trench 3a is n+. It is formed so that the mold source layer 4 and p mold 
base layer 3 may be penetrated and n mold base layer 2 may be reached. In two or more trench 
3a, the gate electrode 7 is embedded through gate dielectric film 6. 

[0040] In the field of the semi-conductor substrate front face between two or more trench 3a, it 
is above-mentioned n+ so that clearly [ drawing 1 ]. The mold source layer 4 is formed in 
contact with gate dielectric film 6, and it is n+ It is p+ as it is surrounded by the mold source 
layer 4. The mold contact layer 5 is formed. Moreover, n+ mold source layer 4 and p+ In contact 
with the mold contact layer 5, the source electrode 8 is in contact. p+ Two or more arrangement 
may be carried out among trench 3a, and the mold contact layer 5 is n+. The mold source layer 4 
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and p+ It is the n+ concerned in order to take certainly contact of the source electrode 8 to the 
mold contact layer 5. The mold source layer 4 and p+ As for the mold contact layer 5, it is 
desirable to be arranged by turns along with the longitudinal direction of trench la. 
[0041] As mentioned above, the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 
semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. 

[0042] Namely, p+ of high concentration [ front face / of p mold base layer 3 / layer / 3 / 
concerned / p mold base ] The mold diffusion layer 10 is formed and it is this p+. The epitaxial 
single-crystal-silicon layer 12 is formed on the mold diffusion layer 10. On the other hand, it is 
P+ The insulating-layer pattern 1 1 is formed in a different field from the mold diffusion layer 10, 
and the polycrystal (Pori) silicon layer is prepared on this insulating-layer pattern 11. NMOS is 
formed in the epitaxial single-crystal-silicon layer 12, PMOS is formed in the polish recon layer 
on the insulating-layer pattern 1 1, respectively, and NMOS and PMOS are divided into each 
other by isolation insulator layer 12a. 

[0043] That is, NMOS is n+ formed in the epitaxial single-crystal-silicon layer 12. Source layer 
13a and drain layer 13b of a mold. The channel field 14 formed among these, the gate electrode 
16 formed through the gate insulating layer 15 on this, and p+ adjoined and formed in source 
layer 13a Contact layer 13c of a mold, It consists of source layer 13a, drain layer 13b and source 
electrode 17a that contacts contact layer. 13c, respectively, drain electrode 17b, and contact 
electrode 17c. Source electrode 17a and contact electrode 17c are electrically connected to 
each other. 

[0044] On the other hand, PMOS is n+ formed in the polish recon layer. It consists of source 
electrode 22a and drain electrode 22b which contact source layer 18a of a mold and drain layer 
18b. the channel field 19 formed among these, the gate electrode 21 formed through the gate 
insulating layer 20 on this, source layer 18a, and drain layer 18b, respectively. 
[0045] As mentioned above, in this operation gestalt, while forming the epitaxial single-crystal— 
silicon layer 12 on the silicon substrate in which IGBT was formed and forming NMOS in this 
crystal layer 12, PMOS is prepared on the polish recon layer formed on the oxide film 11. 
Although a property with comparatively good PMOS formed in the polish recon layer is acquired, 
when NMOS is formed in a polish recon layer, compared with what was formed in single crystal 
silicon, channel mobility is low, and saturation characteristics are not acquired, either. However, 
according to this operation gestalt, good NMOS and good PMOS can be obtained in channel 
mobility and saturation characteristics, and increase of leakage current can be prevented. 
[0046] Moreover, since NMOS is formed in the amorphous silicon layer 10 crystallized on p mold 
base layer 3, a threshold becomes proper. That is, although the surface concentration of p mold 
base layer of the usual IGBT may be too high for NMOS, if the amorphous silicon layer which is 
not doped is formed on p mold base layer, even if p mold impurity is spread in the crystallization 
amorphous silicon layer 10 from p mold base layer, the surface concentration of the p mold base 
layer concerned will become lower than that of p mold base layer of IGBT, and the threshold of 
NMOS will be rationalized. 

[0047] It is p+ further again, p mold drain layer 1 of IGBT prepared in the silicon substrate since 
the mold diffusion layer 10 intervened between the silicon substrate and the epitaxial single- 
crystal-silicon layer 12, n mold base layer 2, p mold base layer 3, and n+ of NMOS It is possible 
to be able to prevent that a parasitism thyristor is constituted and to control thyristor actuation 
of a component by source layer 13a of a mold or drain layer 13b. 

[0048] Thus, according to this operation gestalt since good NMOS and a PMOS property can be 
acquired, it is possible to constitute analogs, such as a drive circuit and a protection network, 
and digital various circuits from high degree of accuracy in one with IGBT. 
[0049] The manufacture approach of the high proof-pressure semiconductor device by this 
operation gestalt described above is as stating below, first, trench la of a vertical mold IGBT — 
forming — preceding — the front face of p mold base layer 3 of a semi-conductor substrate — 
p+ the mold diffusion layer 10 — forming — this p+ the field except the mold diffusion layer 10 
and an IGBT formation schedule field — alternative — an oxide film 11 — for example, LOCOS 
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— it forms by law. After forming an oxide film 1 1, this oxide-film 1 1 grade is used as a mask 
here, and it is p+ by an ion implantation etc. The mold diffusion layer 10 may be formed. 
[0050] Next, p+ of p mold base layer 3 front face Apply on an oxide film 1 1 from the mold 
diffusion layer 10, and about 0.5 micrometers of amorphous silicon (a-Si) layers are made to 
deposit, at 600 degrees C, it anneals for about 20 hours and solid phase growth is carried out. It 
is p+ by this annealing. While single-crystal-izing the amorphous silicon layer on the mold 
diffusion layer 10 and becoming the epitaxial single-crystal-silicon layer 12, the amorphous 
silicon layer on an oxide film 1 1 turns into a polish recon layer. 

[0051] Then, by the ion implantation, n mold impurity is introduced into the field to which PMOS 
of said polish recon layer is formed in the field in which NMOS of the epitaxial single-crystal- 
silicon layer 12 is formed in p mold impurity, respectively, and it considers as the p type 
semiconductor layer 1 4 and the n-type-semiconductor layer 1 9, respectively. Furthermore, 
isolation oxide-film 12a which divides these components into an oxidation part is formed by 
oxidizing the field except the field in which PMOS of the field in which NMOS of the epitaxial 
single-crystal-silicon layer 12 is formed, and said polish recon layer is formed. 
[0052] Next, in order to form the gate of IGBT, trench 3a is formed in a silicon substrate. The 
gate oxide (15 20) of NMOS and PMOS is formed [ the inside of trench 3a ] in the front face of 
the epitaxial single-crystal-silicon layer 12 and the above-mentioned polish recon layer for gate 
oxide 6 at coincidence, respectively. Furthermore, the polish recon film is deposited so that a 
trench may be embedded on this, and the gate electrode 7 of IGBT is produced. This polish 
recon film is deposited also on the gate oxide (15 20) of NMOS and PMOS at coincidence, and 
can also form the gate electrode (16 21) of NMOS and PMOS. 

[0053] next, the gate electrode 7 and a gate electrode (16 21) — a mask — carrying out — 
respectively — an ion implantation — n+ of IGBT n+ of the mold source layer 4 and NMOS mold 
source layer 13a and the drain layer 13 — p+ of b and PMOS Mold source layer 18a and drain 
layer 18b are formed. Moreover, p+ of IGBT p+ of the mold contact layer 5 and NMOS Mold 
contact layer 13c is formed by the ion implantation. 

[0054] Then, n+ of IGBT The mold source layer 4 and p+ The drain electrode 9 is formed in the 
source electrode 8 and p mold drain layer 1 at the mold contact layer 5. To source layer 13a of 
NMOS, drain layer 13b, and contact layer 13c, respectively Source electrode 17a, Drain 
electrode 17b and contact electrode 17c are formed, source electrode 22a and drain electrode 
22b are formed in source layer 18a of PMOS, and drain layer 18b, respectively, and the high 
proof-pressure semiconductor device of this operation gestalt is completed. 
[0055] (2nd operation gestalt) Drawing 2 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 2nd operation gestalt of this invention. The same sign is 
attached and shown in the same part as drawing 1 , and detailed explanation is omitted. The 
point that this operation gestalt differs from the 1st operation gestalt is a point that a part of 
epitaxial single-crystal-silicon layer is formed on an insulating-layer pattern, and the drain layer 
of NMOS and a part of channel field are formed in a part of this single-crystal-silicon layer. 
[0056] As shown in drawing 2 , the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 
semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. 

[0057] That is, on a silicon substrate, the insulating-layer pattern 1 1 is formed alternatively, and 
on this insulating-layer pattern 11, as it runs aground in part, the epitaxial single-crystal-silicon 
layer 1 2 is formed on p mold base layer 3. Moreover, the polycrystal (Pori) silicon layer is 
prepared on the insulating-layer pattern 1 1. NMOS is formed in the epitaxial single-crystal- 
silicon layer 12, PMOS is formed in the polish recon layer on the insulating-layer pattern 11, 
respectively, and NMOS and PMOS are divided into each other by isolation insulator layer 12b. 
[0058] That is, NMOS is n+ formed in the epitaxial single-crystal-silicon layer 12. Source layer 
31a and drain layer 31b of a mold, The channel field 32 formed among these, the gate electrode 
34 formed through the gate insulating layer 33 on this, and p+ adjoined and formed in source 
layer 31a Contact layer 31c of a mold, It consists of drain electrode 35b in contact with source 
electrode 35a in contact with source layer 31a and contact layer 31c, and drain layer 31b. A part 
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of drain layer 31b of NMOS and channel field 32 are formed in a part of epitaxial single-crystal- 
silicon layer 12 on the insulating-layer pattern 11, and source layer 31a is formed in a part of 
epitaxial single-crystal-silicon layer 12 of p mold base layer 3 front face where the insulating- 
layer pattern 1 1 does not exist. 

[0059] On the other hand, PMOS is n+ formed in the polish recon layer. It consists of source 
electrode 45a and drain electrode 45b which contact source layer 41a of a mold and drain layer 
41b, the channel field 42 formed among these, the gate electrode 44 formed through the gate 
insulating layer 43 on this, source layer 41a, and drain layer 41b, respectively. 
[0060] According to this operation gestalt, in channel mobility and saturation characteristics, 
good NMOS and good PMOS can be obtained like the 1st operation gestalt, and increase of 
leakage current can be prevented. Moreover, it is also possible to rationalize the threshold of 
NMOS. 

[0061] Also in this operation gestalt, like the 1st operation gestalt, it applies on the insulating- 
layer pattern 1 1 from p mold base layer 3 of a silicon substrate, and an amorphous silicon layer 
is formed, and this amorphous silicon layer is single-crystal-ized, using a silicon substrate as 
seed crystal. By this single crystal-ization, a part of part near seed crystal also single-crystal- 
izes the amorphous silicon layer on the insulating-layer pattern 1 1. By forming a part of channel 
field 32 of NMOS, and drain layer 31b in the part of this single-crystaHzed amorphous silicon 
layer, it is possible to prevent increase of the leakage current of NMOS certainly. Since 
especially the channel field 52 is close to the silicon substrate used as seed crystal, it is possible 
to acquire the crystallinity which may be set to the channel field 52, and the effectiveness of 
leakage current prevention is large. Furthermore, it is also possible to form in the polish recon 
field to which that point did not single-crystaHze drain layer 31b for the channel field 32 of 
NMOS to the single crystal-ized field of an amorphous silicon layer, and increase of the leakage 
current of NMOS can be prevented also in this case. 

[0062] p mold drain layer 1 of IGBT prepared in the silicon substrate further again since the 
insulating-layer pattern 1 1 intervened between the silicon substrate and the epitaxial single- 
crystal-silicon layer 12, n mold base layer 2, p mold base layer 3, and n+ of NMOS It is possible 
to be able to prevent that a parasitism thyristor is constituted and to control thyristor actuation 
of a component by drain layer 31b of a mold. 

[0063] in addition, the 1st operation gestalt — the same — p+ of high concentration [ front 
face / of p mold base layer 3 / layer / 3 / concerned / p mold base ] a mold diffusion layer 
forms — having — this p+ The channel field 32, source layer 31a, and contact layer 31c may be 
made to be formed in the front face of a mold diffusion layer, p mold drain layer 1 of IGBT which 
this prepared in the silicon substrate like the 1st operation gestalt, n mold base layer 2, p mold 
base layer 3, and n+ of NMOS It is possible to be able to prevent that a parasitism thyristor is 
constituted and to control thyristor actuation of a component by source layer 31a of a mold. 
[0064] Thus, according to this operation gestalt, since good NMOS and a PMOS property can be 
acquired, it is possible to constitute analogs, such as a drive circuit and a protection network, 
and digital various circuits from high degree of accuracy in one with IGBT. 

[0065] (3rd operation gestalt) Drawing 3 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 3rd operation gestalt of this invention. The same sign is 
attached and shown in the same part as drawing 2 , and detailed explanation is omitted. The 
point that this operation gestalt differs from the 2nd operation gestalt is a point that the drain 
layer of NMOS, all of channel fields, and a part of source layer are formed in a part of epitaxial 
single-crystal-silicon layer formed on the insulating-layer pattern. 

[0066] As shown in drawing 3 , the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 
semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. 

[0067] That is, on a silicon substrate, the insulating-layer pattern 1 1 is formed alternatively, and 
on this insulating-layer pattern 11, as it runs aground in part, the epitaxial single-crystal-silicon 
layer 12 is formed on p mold base layer 3. Moreover, on the insulating-layer pattern 11, 12f of 
polycrystal (Pori) silicon layers is prepared. NMOS is formed in the epitaxial single-crystal-silicon 
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layer 12, PMOS (not shown) is formed in 12f of polish recon layers on the insulating-layer 
pattern 11, respectively, and NMOS and PMOS are divided into each other by isolation insulator 
layer 12c. 

[0068] That is, NMOS is n+ formed in the epitaxial single-crystal-silicon layer 12. Source layer 
51a and drain layer 51b of a mold. The channel field 52 formed among these, the gate electrode 
54 formed through the gate insulating layer 53 on this, and p+ adjoined and formed in source 
layer 51a Contact layer 51c of a mold, [t consists of drain electrode 55b in contact with source 
electrode 55a in contact with source layer 51a and contact layer 51c, and drain layer 51b. A part 
for drain layer 51b of NMOS and all of the channel fields 52 and a part of source layer 51a are 
formed in a part of epitaxial single-crystal-silicon layer 12 on the insulatingHayer pattern 1 1, and 
a part of source layer 51a is formed in a part of epitaxial single-crystal-silicon layer 12 of p mold 
base layer 3 front face where the insulating-layer pattern 1 1 does not exist. 
[0069] According to this operation gestalt, in channel mobility and saturation characteristics, 
good NMOS and good PMOS can be obtained like the 1st operation gestalt, and increase of 
leakage current can be prevented. Moreover, it is also possible to rationalize the threshold of 
NMOS. 

[0070] Also in this operation gestalt, the amorphous silicon layer formed on the insulating-layer 
pattern 11 from p mold base layer 3 of a silicon substrate, having applied is single-crystal-ized 
like the 2nd operation gestalt, using a silicon substrate as seed crystal. When a part of part also 
with the amorphous silicon layer near seed crystal on the insulating-layer pattern 1 1 single- 
crystal-izes and forms a part for drain layer 51b of NMOS, and all of the channel fields 52, and a 
part of source layer 51a in the part of this single-crystaHzed amorphous silicon layer by this 
single crystal-ization, it is possible to prevent increase of the leakage current of NMOS certainly. 
Since especially the channel field 52 is close to the silicon substrate used as seed crystal, it is 
possible to acquire the crystallinity which may be set to the channel field 52, and the 
effectiveness of leakage current prevention is large. Furthermore, it is also possible to form in 
the polish recon field to which that point did not single-crystal-ize drain layer 51b for the 
channel field 52 of NMOS to the single crystal-ized field of an amorphous silicon layer, and 
increase of the leakage current of NMOS can be prevented also in this case. Moreover, since the 
channel field 52 of NMOS is completely insulated from the silicon substrate with this structure, 
as for this channel field 52, it is hard to be influenced of the potential of a silicon substrate, and 
a setup of a threshold and control become easy. 

[0071] p mold drain layer 1 of IGBT prepared in the silicon substrate with the insulating-layer 
pattern 1 1 further again, n mold base layer 2, p mold base layer 3, and n+ of NMOS It is possible 
to be able to prevent that a parasitism thyristor is constituted and to control thyristor actuation 
of a component by drain layer 51b of a mold. 

[0072] in addition, the 1st operation gestalt — the same — p+ of high concentration [ front 
face / of p mold base layer 3 / layer / 3 / concerned / p mold base ] a mold diffusion layer 
forms — having — this p+ Source layer 51a and contact layer 51c may be made to be formed in 
the front face of a mold diffusion layer, p mold drain layer 1 of IGBT which this prepared in the 
silicon substrate like the 1st operation gestalt, n mold base layer 2, p mold base layer 3, and n+ 
of NMOS It is possible to be able to prevent that a parasitism thyristor is constituted and to 
control thyristor actuation of a component by source layer 51a of a mold. 

[0073] Thus, according to this operation gestalt, since good NMOS and a PMOS property can be 
acquired, it is possible to constitute analogs, such as a drive circuit and a protection network, 
and digital various circuits from high degree of accuracy in one with IGBT. 

[0074] (4th operation gestalt) Drawing 4 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 4th operation gestalt of this invention. The same sign is 
attached and shown in the same part as drawing 1 , and detailed explanation is omitted. The 
point that this operation gestalt differs from the 1st operation gestalt is a point that NMOS is 
formed in p mold base layer of IGBT of a silicon substrate, and high-concentration p type layer 
is formed between this NMOS and p mold base layer. 

[0075] As shown in drawing 4 , the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the CMOS mold 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/04/04 



THIS PAei BLANK (MSRTO) 



JP.2000-150664,A [MEANS] 



8/9 ^— V 



semiconductor device described below is formed on the same chip as this high proof-pressure 
semiconductor device. 

[0076] That is, on a silicon substrate, the insulating-layer pattern 11 is formed alternatively, and 
12g of polycrystal (Pori) silicon layers is prepared on this insulating-layer pattern 11. PMOS is 
formed in 12g of this polish recon layer. Moreover, rather than p mold base layer 3, low- 
concentration p type semiconductor layer 3b is formed alternatively, and NMOS is formed in the 
field in which NMOS in p mold base layer 3 is formed at this p type semiconductor layer 3b. 
NMOS and PMOS are divided into each other by 12d of isolation insulator layers. 
[0077] That is, NMOS is n+ formed in p type semiconductor layer 3b. Source layer 61a and drain 
layer 61b of a mold, The channel field 62 formed among these, the gate electrode 64 formed 
through the gate insulating layer 63 on this, and p+ adjoined and formed in source layer 61a 
Contact layer 61c of a mold, It consists of drain electrode 65b in contact with source electrode 
65a in contact with source layer 61a and contact layer 61c, and drain layer 61b. p+ of high 
concentration [ b / under Above NMOS / p type semiconductor layer 3/ layer / 3 / p type 
semiconductor layer 3b / concerned / or / p mold base ] Mold diffusion layer 3c is formed. 
[0078] On the other hand, P^OS is n+ formed in 12g of polish recon layers. It consists of source 
electrode 75a and drain electrode 75b which contact source layer 71a of a mold and drain layer 
71b. the channel field 72 formed among these, the gate electrode 74 formed through the gate 
insulating layer 73 on this, source layer 71a, and drain layer 71b, respectively. 
[0079] According to this operation gestalt, since NMOS is formed in p type semiconductor layer 
3b of a silicon substrate, NMOS will be formed in the crystalline good single crystal part, good 
NMOS and good PMOS can be obtained in channel mobility and saturation characteristics like 
the 1st operation gestalt, and increase of leakage current can be prevented. 
[0080] Moreover, since NMOS is formed in the low-concentration p type semiconductor layer 3 
rather than p mold base layer 3 of IGBT, it is also possible to rationalize the threshold of the 
NMOS concerned. Formation of this p type semiconductor layer 3 is performed in advance of 
formation of p mold base layer of IGBT. 

[0081] p+ of high concentration [ layer / 3 / p type semiconductor layer 3b or / p mold base ] 
further again p mold drain layer 1 of IGBT prepared in the silicon substrate by mold diffusion 
layer 3c, n mold base layer 2, p mold base layer 3, and n+ of NMOS It is possible to be able to 
prevent that a parasitism thyristor is constituted and to control thyristor actuation of a 
component by source layer 61a of a mold or drain layer 61b. 

[0082] Thus, according to this operation gestalt, since good NMOS and a PMOS property can be 
acquired, it is possible to constitute analogs, such as a drive circuit and a protection network, 
and digital various circuits from high degree of accuracy in one with IGBT. 
[0083] (5th operation gestalt) Drawing 5 is the sectional view showing the high proof-pressure 
semiconductor device concerning the 5th operation gestalt of this invention. The same sign is 
attached and shown in the same part as drawing 4 , and detailed explanation is omitted. The 
point that this operation gestalt differs from the 4th operation gestalt is a point that diode is 
formed in the polycrystal (Pori) silicon layer formed on the insulating-layer pattern. 
[0084] As shown in drawing 5 , the trench gate mold vertical mold IGBT is formed in the semi- 
conductor substrate as a high proof-pressure semiconductor device, and the diode described 
below is formed on the same chip as this high proof-pressure semiconductor device. 
[0085] That is, on a silicon substrate, the insulating-layer pattern 1 1 is formed alternatively, and 
the polycrystal (Pori) silicon layer is prepared on this insulating-layer pattern 1 1. Diode is formed 
in this polish recon layer. Moreover, rather than p mold base layer 3, low-concentration p type 
semiconductor layer 3b is formed alternatively, and NMOS is formed in the field in which NMOS 
in p mold base layer 3 is formed at this p type semiconductor layer 3b. NMOS and diode are 
divided into each other by isolation insulator layer 12e. 

[0086] That is, NMOS is n+ formed in p type semiconductor layer 3b. Source layer 81a and drain 
layer 81b of a mold, The channel field 82 formed among these, the gate electrode 84 formed 
through the gate insulating layer 83 on this, and p+ adjoined and formed in source layer 81a 
Contact layer 81c of a mold, It consists of drain electrode 85b in contact with source electrode 
85a in contact with source layer 81a and contact layer 81c, and drain layer 81b. p+ of high 
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concentration [ b / under Above NMOS / p type semiconductor layer 3/ layer / 3 / p type 
semiconductor layer 3b / concerned / or / p mold base ] Mold diffusion layer 3c is formed. 
[0087] On the other hand, diode is p+ formed in the polish recon layer. Anode layer 91a of a 
mold, and n+ It consists of anode electrode 92a and cathode electrode 92b which contact 
cathode layer 91b of a mold, anode layer 91a, and cathode layer 91b, respectively. 
[0088] According to this operation gestalt, in channel mobility and saturation characteristics, 
good NMOS can be obtained like the 4th operation gestalt, and increase of leakage current can 
be prevented. 

[0089] Moreover, it is also possible to rationalize the threshold of NMOS by the p type 
semiconductor layer 3 like the 4th operation gestalt. Furthermore, p+ p mold drain layer 1 of 
IGBT prepared in the silicon substrate by mold diffusion layer 3c, n mold base layer 2, p mold 
base layer 3, and n+ of NMOS It is possible to be able to prevent that a parasitism thyristor is 
constituted and to control thyristor actuation of a component by source layer 81a of a mold or 
drain layer 81b. 

[0090] Thus, according to this operation gestalt, since a good NMOS property can be acquired, it 
is possible to constitute analogs, such as a drive circuit and a protection network, and digital 
various circuits from high degree of accuracy in one with IGBT. 

[0091] In addition, this invention is not limited to the above-mentioned operation gestalt. For 
example, p+ Between the mold drain layer 1 and n mold base layer 2, high-concentration n mold 
buffer layer can be formed rather than the n mold base layer 2 concerned, and it is possible to 
raise conductivity. 

[0092] Moreover, although the above-mentioned operation gestalt explained the high proof- 
pressure semiconductor device of a vertical mold, this invention is applicable also to the high 
proof-pressure semiconductor device of a horizontal type. In this case, a drain layer is formed in 
the semi-conductor substrate front face of the same side as a source layer. 
[0093] At the above-mentioned operation gestalt, it is p+ further again. It is a drain layer, 
although IGBT which has the drain layer of a mold was mentioned as the example and explained 
n+ It is also possible to consider as a mold and to apply to various quantity proof-pressure 
semiconductor devices, such as an MOS mold quantity proof-pressure semiconductor device 
and other thyristors. In addition, it is possible to deform variously and to carry out in the range 
which does not deviate from the meaning of this invention. 
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* NOTICES * 
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1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the high proof-pressure semiconductor device 
concerning the 1st operation gestalt of this invention. 

[Drawing 2] The sectional view showing the high proof-pressure semiconductor device 
concerning the 2nd operation g:estalt of this inverition. 

[Drawing 3] The sectional view showing the high proof-pressure semiconductor device 
concerning the 3rd operation gestalt of this invention. 

[Drawing 4] The sectional view showing the high proof-pressure semiconductor device 
concerning the 4th operation gestalt of this invention. 

[Drawing 5] The sectional view showing the high proof-pressure semiconductor device 
concerning the 5th operation gestalt of this invention. 

[Drawing 6] The sectional view showing the conventional high proof-pressure semiconductor 
device. 

[Drawing 7] The property Fig. having shown the relation between the electrical potential 
difference of NMOS and PMOS, and a current. 
[Description of Notations] 

1 P+ Mold Drain Layer 

2 N Mold Base Layer 

3 P Mold Base Layer 
3a Trench 

4 N+ Mold Source Layer 

5 P+ Mold Contact Layer 

6 Gate Dielectric Film 

7 Gate Electrode 

8 Source Electrode 

9 Drain Electrode 

10 P+ Mold Diffusion Layer 

1 1 Insulating-Layer Pattern 

12 Epitaxial Single-Crystal-Silicon Layer 
12a Isolation insulator layer 

13a n+ Source layer of a mold 
13b n+ Drain layer of a mold 
13c Contact layer 

14 Channel Field 

1 5 Gate Insulating Layer 

16 Gate Electrode 
17a Source electrode 
17b Drain electrode 

1 7c Contact electrode 

18a n+ Source layer of a mold 

18b Drain layer 
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19 Channel Field 

20 Gate Insulating Layer 

21 Gate Electrode 
22a Source electrode 
22b Drain electrode 
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i:^*-r«nScDMlOMOS^i{ijg(*;*^i:, tuiB¥ 

«c}Bfig^n/cm 2 o y-xMRum 2 © f u^f i:. 
^iSS 2 o y-xs g 2 © F Ut' vgp^«DWf E^^Sb^ 

^2<Dy-h«<ii:%w-r^ ps©S2©Mo ss4^w 

[0 0 19] $fc*#g|icOS2i±. 

i£Dy-xgRt>*mi<DFH':/Mi:> ^K^i^y- 

XBt:^ 1 © F P-r >MFBl<DtufB^«frB«a®tcm 1 

nm<Df^ 1 OM O S BuK*^ 

J^^^?nfc^2<Dy-XiiS:tf^2cDFW>Mi:, S 
mm 2 © V-Xil t ^ 2 © F U-r WOlute^^B^a^i 

[0 0 2 0] ^rc:^¥m<om3it. ^mi*^w&±icmm 

t5 fc -3 T X Vf 4^ v- b ft {c Jgfig; ^ nfc 

ig 1 © y-xMSio*^ 1 © F u-Y i: . mmm 1 © y 

-7.mt^ 1 © Fl^-l'VBPaotusa^»<*:MS®(cm i 

Rt^S2©FW>Mi:, c:o^2oy-xgi:M20 

^ 2 <DM O S m^^»m^ t . MI2¥«f*»«icjgfig$ 

[0021] ±IBLfc*^BJ^iIfe^^T^ J-XTcO«^%S 
(1) *fiB^©SK 2. StcioO^T. MtH«lfff¥S 

wm^rii. mtE^m»mmcmi^-^nrz n scq-<;-xs 
i:. cconm<D^—7.m(omM''CBi&^tirzpm(o^— 

xet, COpSO-^— XgOSStcJK^SnfcnScO 

M3©y-X]i:&D'pS(D33 hSt:. lUfBpg^© 

rzm3<D'^—hmMt. fjiBnSo-^— xji^smo^ 

■?3sulBpS^cD-N— X^*^e,ginfc{£aJcJ^fiic:£nf=m3 
CD F Uf" y,l i: , MfBm 3 © y - XH R l;miH p S© n 

ly^'i^ hmicm-r^mi o-jzj-^-^ ^ hmmt. mib^s 

£0 FU-l'>S(cft-r«m2cO:3>^c> 



etc 

[0 0 2 2] (.2) 2, 3{C.fe^^T. W 

(3) ^mm<omi. 2. S^Cfei/^T. miBHlfEE^ 

-T.M'ommicjfmtnTi.-'^c to 

[0 0 2 3] (.4) . 2. 3 tcSsi-^T. hu 

3 (D V-XSRO^'ME p S<^)-^- € iijiS.n 

{cfuiaig 3 oy- h mmm^^LxmsEm 3 oy- h « 

[0 0 2 4] (5) *5€SJ(D^K 2. 3tC^l/->T. bu 

le n m<D-^-xm t msEm 3 o k i^-r t(Drsic a. 

[0 0 2 5] (6) *fgB^O^K 2. 3 (C^oV^T^ Su 

M 0 S ^^^ft^? 1 1± C M O S Hgg^&^^-r ^ - t 
(7) *^0^CD^ 1 (i:^(.>T. MIE^ 1 Oy— XgRO' 20 

[00 2 6] (8) *f|B§0|g2tCfel/^T. MIBxlf^f 

(9) :^^m<omis 2tCi3l/^T. BUlB^l«Dy-7.M 

1 <D Ft"i':yMi:tijBapS<7)^— XSiioP^fc 
SMpSO-^-7>»ct!9feJgiiSOpSO#«<*« 

[00 2 7] (1 0) *^B^i:Dll3{Cfel,^T. MiBlgl 30 

[0 0 2 8] (1 1-) *^B^©ll3JCfel/^T, tutextf 

[00 2 9] (12) ^^m^Dm 3 tcfel^T^ MB^ 1 
<oy-7>^i:luIBp§y^o-<-xjii:^Dra^i^:«^ ^iSpS 40 

[0 0 3 0] (1 3) *f§B^£D^3^i:fel/^T. MfBxt! 

4^ v- -v jvmm L /c 4ii*f*Ji i±«T^B^B t-i^rjiO. mm^ 
»i^m(Dtfmmm±<osfi^i±^!i$^et^ ?. ^ ^ c t » * 

5gB^tC*3V^T«. (?iJ.t£±\ I G B T^O;?BI±4ijS(*iS 
^ i: 13] i: -> 'J 3 >-g^S±Xi± c c±(c|gtj- fcx 4^ •> 
^ ^USs^aJlii: N M O S P M O S liiSftSlitc 

[ 0 0 3 1 ] 33< 'J v U n >^{c}^fiKLfc P M O S iitm so 
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^'^BiB^m-^-hm N M o s ;& u u =3 >M 

BJtCintf. I G B Tipii p--*;— 7.Jl£«5tM^JtOfc46. 
1t{c*:5§B^O^ 1 tOi;9tC. <10p^-Xj£iitgcf{Ci:b 

«se<j^-^ic N M o s ^m^-r^ c t a^t-# c (Dmm 

IZ i ntf N M 0 S '# tt;&tf C t Tb^pjH^ T 5 c 

[0 0 3 2] :5^A^§«fiS<;-(?tt. I G B T^£Drtg|3tc#ft 
■r ^ 7" vX VCD rcHbV--^ m&iff± t<73:oTL^d« 

NMO SOp-^-xmii/bM G B T^OSftfJ±¥«{*^ 

=^(Dv—xmiiLtm\:^icfa:^^viz. ^Mp-^— xty 

[0 0 3 3] ^/t. *fgB^(D^2S.lfm3^Cfel.^T«, 

l-tTT^-^l/^rXi/VnvM^grigtt. c:n^6 0 0iCS 

ta-r§cfcA'?T-^;5o ^©ism^ A^*^§d^u v-unvM 

tcJ^fiKLfc P M O S . S:tfxlf ^4^'>^;Vfig:Si/ U zi > 
[00 3 4] $e.tc^fc. ±IBLfcv"J=i>®{l:Jll/^^ 

^^VfiScSMfc-rsc tt RrHgT3&i.o i.rzi3^-oT^ ^co 
y-x ^jgfig-r ^ c t if^pim-u fe ^ o . n m o s 

coy— Xl±p'^-X±CDXl^^:^S/-1r;l'fig:gStC. f^-v 

[0 0 3 5] :6^:6^5«Bg^cJ;niS\ ^•v^wL'f^Rj^SLtf 

« U n V^fk® / ^ - >±^C#«E-r ^ CD •<?. -> 'J 3 > 
aWeiK^tfc I G B T CD p §y F P-Y SSM n M 

B, pmr^—7sM. S.r/NMO S (Dniyy — 7>StcJ:c) 
T^^-9--Yyx^7b^«fiSc^n^Jli:%I»ih-c-$. *?<D 

[00 3 6] W±c:) J; -5 iC , ^fsrpgogcD i na'.. N M 0 S 
;£:#al-f*affi. < t±^cD±CDxli;J.'4^>'-\';b5jcSil 
tClStt. PMO S ^*feifiM±'0^^^B®fCfatt:5<D-e. 
ajif*NMOSRr>*PMOS!tt14^t#i.<lfc:6'iT'$^ F 
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^«ffljST' I G B T^©SBa4^^*»«?i:— »61I{C« 
CO 0 3 7] 

1 oniijgie) m 1 *fg0^<D^ 1 (omtmmiz 
iiosBs^^^^^^gti h hsmm i g b t « 

[0 0 3 8] 0Hc^-rJ:dJc. iti|»f*S« (->U3> 

c:<0ngi^-XS2(D— ffi{c^iaiSJS<Dp* SFWV 

S-^-T^B 3(DSffiJct±;Siij*(Dn- iay-xg4S.tf 
[00 39] ? fC. ±IH^<*a«a® {CI±1«?SC© h 20 

LT^r— h 7 *<:Si65iSnTV^i.o 
[0 0 4 0] mi T't>0J5A^^<t-5tC. ^a^© hl^V^ 

p* hP5t± F UV^S aH{c1«Sfi2M 

?nTi/^Tt.a<. n* SV— X»4S.t>'p- SnV^ 

[00 4 1] J.:.(±0 i 9 fc. SBE^t^^^^m^i: LT h 

L' v^y— hsiss I G B T ff'^mi^mRicB^-^rir ^ 

[0 0 4 2] pS^— Xg30a®fc«SKpS 

'^-T-H 3 0: t) fei^SS^O p * SffiSiM 1 0 *^J^fig$ 

n. ccDp^ SlSSflSi 0±icxl^^:^>'-v;l/#?gB%iy 

ynvHi 2A^^tte.nTi.^i.c. p- mummi 

2«ct±NM0S*^ *fe»<M''<;JJ->'i 1 ±0-i-° 'J -> 'J 3 so 



i^micitPMo sA-t^n^'n^M.^nT-isij. nmos 
t p M o s h nm^^Ti-m^mm 1 2 a tct d ^sc^jc^^- 

[004 3]fiP^. NMOSii. Xt°:Jf4^v'-^;l/m$SB^ 

1 2 tj^^^n/cn* SicOV— XS 1 3 aS 

If F U'l' 13b. c n e. (DraiicffM^ nfc^^-^- 
1 4. ji<3D±icy- Fjfi^^ 1 5 ^ft\.TBm.-sn 

tc^-hmmi 6. V-XP 1 3 afCl^SLTJ^figSn 
Zip* ^JOn^^:^ F« 1 3 c. y-7,Sl 3 a. FL^ 
-I'yMlSb. S.t;3y;J?i7 FB 1 3 c^c^ri^'nny 
^tJ' F-r^y— Xm^l 7 a. FW>«^17b. S. 

m 1 7 a FS^l 7 c i:«:feS:i,'>^c®^e*i(c 

[0 0 4 4]— PMosti. ^v~>v=iym^cm^ 

tntcn* m<DV-xm l S aStf FWVMI 8 b. 

- F?fi«« 2 0 ^/M^Tft^fig^nfey- F «ti 2 K y 

-Xg 1 8 aRLfF W Vg 1 8 b^C^n?'n3>'^ri' 
F-r^y— xmffi2 2 aStf F1^-<'V«)^2 2 b7b>?.« 

[0 0 4 5] J-:^±Oct^{i:. *^fi£?^51l^^:fcl/^T^±. I 

^^B-> V 3 >•« 1 2 ;gr^tt> CO^S® 1 2 ICNM O S 

LfcPMO Sl±JtS!JS*lSiff:&#tt*':f#^nS*\ NMO 

PMo s3&#«iifc*^T-#. v—!7mM<Dmic^w±-r 

[0 0 4 6] ^fc, NMO Sii.pS'^— Xg3±cD,^rB 
{tUfcT^-^l/^rXv"; ^^'M 1 OtCjg^$n5<DT% 
KIfitl±®IEtC*5o fiP-^s 'M^(Ol GBT(DpS--^-X 
M'OSBrliRiiNMO s fc«;s-rr§«^*^fe^*^ F 
— 7°^nTV^:5:I.^Z^;l/7 TXi^iJ 3 >Ji^ pM^— X 
^±{J:}g^-r S p S^Mffel*^ pS-^-XSA^ p.JSb^b 
{t7^r;b7TX>'y3>'gI OtCte^LTfc. SISpS 

XgcD^MiSi^ti I G B TO pm^—7sm<D^n^ 
Ofeffi<^?). NMO S©SSffi*^3lIE{t^n^o 

[0 0 4 7] ?e.ic^/c.-p* sffiistei 0A^v"j3v 

StSi:ii^^f^i^-v;bm^B^B->'J 3>g 1 2 i:©F^Jc:n- 

ft-r oT\ -> u 3 ymmcmif rci g b t p s f u 
'r':^gK nS^— xg2. pSi'^— XM3. S.c;nm 
0 son* soy— Xg 1 3 aXtiFWV® 1 3 blc 

[0048] C0J:-ptc, *^i6SJ^iltcJ;nt^. S^ff^ 
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NMO SS.tfPMO S#14^f#-5Ci:7b"5T't«fc4i). K 

^iSffljST I G B T t-muicmis.-r ^ c tifsimr-^ 

So 

CO 0 4 9] J.;i±5iE^rc*^fiSfl5ftlJcJ:5Slfff¥«**: 

S I G BTOh a^fl^fig-rStC^feiE*.. 
a«(D p^J-^^-XS 3 CDSEit p* StCIJtS 1 0 ^JfM 
L. C^Dp* ^J£ft® 1 OR.lf I GBTfl^fig^SM^^ 
^< ffl^iCjMfj^fi^fc^ftMl 1 m^l£LO C 0 S 10 

[0 0 5 0] ij^tc. pS-<-x)i3S®op* SffiSte 

1 0A^e,^{tMi 1 ±»cWT7^;l/7 7'7.i/'Jny 
(a-Si)S^O. 5 MmS;g*iffl^-l±. 6 0 0 °CT- 

2 O^P^SIST-— ;l/bTSffifiK«:J-&So C:<07:^— 
;Wc<J:t)p* g^ffiiitSi 0±O7^;b77X->U3yM 
ItM^m^nit L T X t! ^ ^ ^ ;l/#$gB^B U n >g 1 2 t 

[0 0 5 1] com. -i';d-:^jiAicJ;<9. xtTrJj^^v'-v 
;l/#^^Biy U n 1 2 CONMO S A^J^fig^ nSM^S^C 
t± p Buf2>i< U 3 ^SO P M O S Tb^Jg^ 

jgfi!c;^ni.ffi^s.t;Bufa5}^ u -:^y =t >»o ? m 0 s 
fig ^ n snJ^^i^ < mm^mt-r c t tc •? , ^{tsu 
^tc c n e, om^^^si-r i. ^^^^^sii^tjg 1 za^m 30 

[0 0 5 2]:^{c. I G BT£Dy— h^Jg^f Sfci6tc 

V=il/mi 2 ±t3>i< U U 3 VHOS® « N M O 
SS.tf PMO ScD-i^-hSfltM (1 5. 20) ^-^-n^' 

Cf J:^{c.1?U vUnVM^tiaU. I GBToy-h« 

RtfPMO ScDy- hifftM (1 5. 2 0) ±tcfetia 40 
LTs NMOSS.t;PMOS<Dy— (1 6, 2 

1) ^t^mf^-t^ct-ffT^^o 

[0 0 5 3] ^(C, -ir— h«S7. y— httffi (1 6, 

2 1) 'grx'T.i'tLT, ^n^nt'^>'EEAJcJ:D I G 
BTOn* SV-XS4. NMOSCDn* SV— 1 

3 aS.O'K WVJll 3 b. P M 0 S © p ' S V-Xg 
1 SaRy^FW^Sl 8 b-^Jgfix-r-So ^fc, I GB 

[0 0 5 4] com. I G B Ton* SV-X^4S.t/ so 



p- m=iiy-$"> hmBiciiv—xmms. pSKu.-r> 
m 1 H u-omi^g *Jf^6)tL. nmo sov— xs 

13 a. FU'-f'^S 1 3 b. Rlf hm 1 3 c ic 

tt^n^'nv-xmsi 7 a. Ki^-omtii 7 b. s. 

tfrrv^:^ hUaSl 7 c^JKfiXL. PMOSOV— XJf 

1 8 aRtf FU-fyS 1 8 h lClt'tn^nv—xmM2 

2 aS.t>"FU-l'>«®2 2 b^Jf^figLT. ^^MBmo 

[0 0 5 5] (^2 0^i5(iJ^SI) EI2t±. *fg^OS2 

N M o s 0 F u^-yMRlf^f- ^ gPA^j^ 

[00 5 6] 02 tC^-r <t d tc. ISlfff i: b 

T h Uy^^- hmmi I G B T 7b^¥^tt:a«{CJgfig^ 

[0 0 5 7] ip-fe, =i>s«±tt±sjR6g«e^M 

— yi l*^JfM?n. CCO*ferilJl^^:$J-V 1 l±tC 

-BPS t) ±tf S <fc {c LT p S-^-XS 3 ±{cxt!:5?^ 
>^-v;b#$g^ai^U^>S 1 2*'^Sl'te.nTl/-^So ^fc. 
m^^'^^'-Vl l±tcl±^^g 0-J5U) ->U=r>S5b^ 

^ttt,nTV^S„ XH°^r:^^->-\';Vm;i^B^->U3>'Ml 2 
tcaNMOSA\ Jfea^S/^^'— VI 1 ±<D>i<iJ>'U=iV 

^tctiPMo sA^^n^njgfig^nrfet). NMosi: 

[00 5 8] NMOSt±. xetJ?=t^iy^;l/#^gB^ 

~>U3V^1 Zlcm^Zritcn* SJOy— XS3 1 aS. 

ffi^3 2. ccD±izv-hmm^3 s^fYhx^msn 

ftp* SOrJV^i^ FM3 1 c. y— XS3 1 aJ^O'n 
VrS?^ hS3 1 clcul^^i^ F-rsy— xmtSS 5 a. 

F U-Y y^ 3 1 b ten y^ S F W ymtS 3 5b 

A^e>1»^?nTt/^So NMO so FU-Yyil3 1 bRtf 
^•v^~.;l/fiM^lE3 20— ggt±l6,lSS^^^— y 1 1 ±Oxlf 

^ -(^ ;l/#^gB^i/ V 3 yg 1 2 O-gP^Jcj^fig^ n. 
y— Xjl3 1 at±,T6,»S^^:J?— y 1 1 ^'^^ftL pS 
XM3SiiOxl^:Jr4^i^ + ;bm$g^>'UnyS 1 2 
O— iSPtbNcjf^^^nTl/^ So 

[ 0 0 5 9 ] — PMOsa. -y; nygtj^fig 

^n/cn* iyoy-Xjl4 1 aS.t>"FU-l'y)t4 1 b. 
cnC>oF^Jcff$fiS;$nfc9^-\'^-.;Uffiigc4 2. ccD±(ry 

- h^e^s 4 3 ^irfvrmm.-^nrz^- f ^ti 4 4 . y 

— X)l4 1 a&lfFWyS4 1 b«C^n^'nny:Jri7 
FfSy— Xm®4 5 a Sil>* F U-f y IgU 4 5 b^-'Sfil 



13 

Co 0 6 0] :$^mmBm^J:^ni£. B 1 (Dmmmtm 
sR.tfPMos^?#siii:*^'??t> v-irnm.<om±^ 

K±-r^Jit:*^T'#5c NMO S(73Baa%3lIE{t 

CO 0 6 n ^mmBBi>^^^^'ci>^ i <^)^ffij^.^i:[Bi 

*^-a5#^a{fc-r ^ o C cD^lgB^Bft b fcT 7 r X 
r>*FWVg3 1 b^)gfi!t-r^ili:tCj;D. NMOSO 
# tc, •r 5 2 affl^ga^B i: ^ -> U n vSSfc 

CO 0 6 2] JfeilM^^^— VI lA^VUn 

v»Ei:xt°^?^i/-t';i/#SB^BV'J 3 VM i 2 t<DmK 
/V^^©T% i/'J n V»«^cK:l3-fc I G B TO pSK 

MOSOn* McOKWVBS 1 b J;-:^ T*^-y-'l' U 
CO 0 6 31 ^fe. ^1 o|ISisJ^I8i:|5l«fcpS-<-X 

mimm-h'^mm^n-. cop* Mi£iscHoa®{i:g"-v^ 

;VM^3 2. V-7>«3 1 a. nV^Jfi^hes 1 c*^Jg • 
-YVSK nS'^— X^2. pS-^— Rl/NM 

CO 0 6 4] co:)^^^c^ :^MMBBi^^m£. &tit-^ 
NMO SS.lfPMO S!t$1t^»Si::i:!b^T-#i.fcJ6. F 

n:Wk&-^ I G B T t— t$:W»i:«lfii(:-r § C tA^nlBlT'fe 

So 

C 0 0 6 5 ] 3 O^SSJBM) EI 3 *^B^OS 3 

i., ilI2 gP5^tctt|p]-'D?5^>a:{>tLT^L^ai^ 
IKBJl±#lliS-r-s.o *^fii5miA'<^2£0^fi£}gBSi:S*S so 
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^M.. 'i^mmj ^ ^ - v±{cfl^)S;^ nfc x if ^ 4^ -> ^ ;bm 

,^^B^ai^U3VHO-g|5^lC. NMO SOFW vs. 9^ 

Co 0 6 6] ll3{c:^s-rj;3tc. SBE^^ft^^ i:b 
T h VmS^ I G ^'^if^mW&W'^BWi.-^ 

nTfefj. C£DiSiiiME¥»i*^?i:lRl-^y:''±(;:J-;^T 
(CkE-^S C MO S S¥*f*:^?*^JKfi!c$nTt,^?>o 

CO 0 6 7] IP -6. V'J 3 VS«±tCi4SS^6^«61tB 

/N^f-vi lA^jgfiScsn. doje^ji-'^^-v 1 i±ic 

-BPS t) ±tf 5 .t 5 L T p 3 ±tc X ^ 
-V V V n VIS 1 2 e, nx 1/ ■> o ^ 

*6ifeM^^^-vi l±tct±^^B^B Oi-°U) V'JnvMi 
2 f 3b'!8gttP>nTi/>So xlf^^v'^;l/#^B^V'Jnv 
SI 2ti:tiNM0S*V iffeiifeS/^^-Vl 1±03}?U~V 

unvsi 2 f ^c^±PMo s (E^-i±-f) A^^n^njg 

fig^nTfe"?. NMO S J:PMO S tli^5^Bi?e^K 

1 2 ctct^fesvHc^^snrv^i.o 

C0 0 6 8]Hp-5, NMOSli. xt!:Jf:^^V^;Vm^^ 
-VUnVSl 2lC}^fi!c^nfcn* m.<DV-7MS 1 aR. 
If FU'-l'VSS 1 b. iin?>OHt^:}^^^nf^^-^^''l' 
ffi^ 5 2 . c:o±tcy- F^fel^S 5 3 ^/rUTfl^fig^n 
/c-ir— FliffiS 4, V— XS5 1 a {cl^g^LTJ^JSK^n 
fcp* S(03V:Jf ^ FS5 1 c. V—7M 5 1 aS.t;3 
V:5f^ FS5 1 ctziriV^c:^ h-T-SV— Xtt^S 5 a. 

F WVg 5 1 bJcnV^J^i' F-rS F W V«^5 5 b 
*''e>«ifiS;^nTl/"'?)o NMOSOFWVS5 l b, =f- 
-V^;^ffi«5 2©^g|5^\ S.t;V-Xg5 1 aO-gP^ 

tiJfiS^S^'^^f— V 1 1 ±oxecJr^-v^;b*/¥g^BV'; 3 
VSl 2©-g|5^^{c}Kfig^n. V-Xg5 1 aO-gP:^- 
l±liifellS>'^:Sf-V 1 1 A^#^EU^V^ pS'^-T.M 3S® 
(3Dxe^:^^V^;l/m^fBV'U nvS 1 Z(0-^6^izm^ 

Co 0 6 93 *itfiiEm^tc<tmf, ^ 1 (oMMBmtm 

SRIfFMO S%t#SCi:7b^T:-#. 'J — i^mmOig;*;^ 
Co 0 7 0] 3^^Si}i5ffitCfeV-'Tfe^2©j|fi£fl58gt|5l 

mic. vui^vs^cDpiJ^— 7.g3*^?>?e^s^^^'— 

V 1 1 ±^cAHtT}^fiS;L.fc7^;b7 r XVU a v®;£:. 
i> V n v»ffi^a*SB^B t LT^IS^Bft-r 5e c o»^^ 
•fttcJ:-pT. ?61feS>'^^-vi 1 ±OTt;l/'7r;^>'U 
n VS feaT^B^Biciai/^gP^'-A'^-gP^^Blft: C, (Dm^-g 
^BitL-TcT r 7> V U n vSOgP^'-fc N M O S O F 

i/-rvS5 1 b. ^i-^^i/M^s 2o^a5», Rtfy- 

5 1 a CD— gPJ^ ^J^^-r 5 C i: (C J; 0 . N M 0 S <D 

'# {c. ;7-.;uSli|c 5 2 liflT^B^B i: « V U 3 vstgjc 
jfil/^OT-. ^-v 5 2 ^^:*3l,■'TSl/''^B1^•|^'^:^iS 
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NMO StD^-^;7-;USii@c5 2 %T=e}Vy t y^'>V 
S o^^^^;l/ffiJi!c5 2 n>SffiA^?.^^«6rff$ 

tC^^Oo 10 

[0 0 7 1 ] ^e-tc^fc. jfiiiS/^rJ?— > 1 ncj; 

CO 0 7 2] jSrfes ^ 1 O^SiHjf^StlWiaS^C 

S5 1 a. nVtJr^r hS5 1 c*^?]?fi!c^n^J;'5tLT 20 

>'S«tClSitfcI GBTOpSKWVgl. nS^- 

Xg2. pS^— XM3. RtfNMOSOn-^ m<DV— 
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